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Thousands of Precisionaire standard semi- 
finished gaging plugs are carried in stock 
for quick delivery. 


Shipments made within one week from 
receipt of complete information—24 to 


48 hours in emergencies. 


This world's largest stock of “immediately 
available” air gage tooling protects 
Precisionaire users against production 


holdups or shutdowns. 


Sheffield's interest does not diminish with 
the purchase of a Precisionaire. The in- 
strument must be kept constantly useful. 
Quick tooling service from this great stock 
assures you uninterrupted performance 


throughout the long life of the instrument. 


it is wise and thrifty to specify Sheffield. 
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QUALITY CONTROL COURSE FOR 
THE CHEMICAL INDUSTRIES 


An eight-day intensive training course 
in Quality Control for the Chemi- 
cal industries wi!! be offered by the 
Rochester Institute of Technology at Ro- 
chester, N. Y., June 21-29, 1949. The con- 
tent of this fifth annual training program 
in statistical methods and techniques is 
devoted exclusively to the control prob- 
lems of the chemical and allied process 
industries. The course is designed for 
those responsible for controlling quality 
of product either in the analytical labora 
tory or directly in the manufacturing 
process 

Instruction will be provided in basic 
control charts and sampling methods 
but will also include many of the ad- 
vance techniques, including design of 
experiments, correlation, and analysis of 
variance. Persons enrolling for this course 
should have a good working knowledge 
of algebra; advance work in mathema 
tics and previous training in statistics are 
helpful but not necessary. 

The tuition of $100.00 per person in 

ludes books and supplies. Room accom 
modations will be available at, and 


should be secured by direct contact with, 
the Hotel Rochester. Further inquiries, 
ana application for enrollment. should 


be addressed to Alfred L. Davis, Asso 
ciate Director, Evening and Extension 
Division, Rochester Institute of Technol 


ogy, Rochester 8, New York 


ADVANCED COURSE IN STATIS- 
TICAL QUALITY CONTROL — 
PURDUE UNIVERSITY 
An eight-day advanced course in sta 
tistical quality control will be offered 
by Purdue University July 6-14 inclusive 
This course is intended to meet the needs 
for additiona! training of men and wo 
men who have had some previous in 
struction or practical experience in the 

subject 

Topics to be offered are: review and 
background of control charts, signifi 
cance of differences, principles of accept 
ance sampling, sequential analysis, both 
attributes and measurements, linear and 
multiple correlation, analysis of variance, 
tolerances of fitting parts, chi-square, 
and use of calculating machines 

Tuition is $100. For additional infor 
mation, write to Professor Irving W. Burr, 
Department of Mathematics, Purdue 
University, Lafayette, Indiana 
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Quality Control Charts for X and R 
Adjusted for Within- Subgroup Pattern 
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INTRODUCTION 


In setting up quality control charts for 


X and R, or for X and a', it occasionally 
happens that one is faced with a situation 
in which it is known or suspected that the 
values of X in a subgroup are not com 
pletely random but tend to follow a 

pattern’ that is repeated from subgroup 
to subgroup.* If X;, Xo, .... X_, denote the 
values of X in a subgroup, the situation 
may be such that the subscripts have an 
engineering significance. For example, if 
a chart for weekly averages is being set 
up to check for assignable causes from 
week to week, X;, Xs, etc. may relate to 
measurements made on Monday, Tues 
day, Wednesday, etc. In other examples, 
the subscripts may refer to the spindles 
on a machine, the machines in a group, 
the top, middle and bottom of a steel in 
got, etc. If this engineering difference 
between X,;, X», etc. has no or little effect 
on their values, then the standard quality 
control charts are applicable. However, 
in some industrial situations this will not 
be the case 

For example, in plotting weekly aver 
ages based on subgroups of six daily 


Only X and R wil! be discussed. the exter 
fog w be obvious 
Shewhort's Criterior provides a test for 
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readings in a gas manufacturing plant, 
the fact that Monday is typically a day of 
high demand may be reflected in a ten 
dency for readings of some operating 
variable made on Monday to fluctuate 
about a different level from those made 
on other days in the week. Other ex 
amples will readily come to the minds 
of those working on industrial applica- 
tions. Thus, if one is plotting the average 
output of several factories (or machines), 
he may have to recognize the fact that 
due to certain fixed conditions, the fac 
tories (or machines) will differ from each 
other in their output levels. In other 
words, an assignable cause within sub- 
groups is recognized but cannot be elimi 
nated because of economic or engineer 
ing considerations. However, it may still 
be important to detect assignable causes 
operating between subgroups 

In such a situation the standard pro 
cedure for setting up X and R charts will 
result in limits which are too wide on the 
X chart and in limits and points which 
may be misleading on the R chart. Charts 
for X and R showing such an effect are 
sometimes encountered in practice 


POSSIBLE PROCEDURES 

Several methods might be used for 
analyzing data suspected of having a 
subgroup pattern. These include methods 
based on moving range and analysis of 
variance techniques. The method cur 
rently used in process control appears to 
be that of substituting 2-sigma for 3-sig 
ma limits. This may be an effective pro 
cedure in particular instances but is 
rather arbitrary. 


The method to be described is simple 
to apply in practice, particularly when 


dealing with process data, and requires 
only a limited departure from standard 
contro! chart procedures. In this method 
the values of X are computed as usual 
but the values of R (and consequently the 
control limits based on R) are computed 
from the data after they have been ad 
justed for possible within-subgroup pat 
tern. 

A correction is applied to some of the 
control chart factors when the number 
of subgroups is small. It may usually be 
omitted when twenty or more subgroups 
are available 


DESCRIPTION OF METHOD 


Table | shows some data arranged in 
twenty-five subgroups, each subgroup 
consisting of five measurements. The data 
contain a within-subgroup pattern, since 
they were obtained by adding —2, —1, 
0, +-1 and +-2 to all values of X,, Xu, Xz, 
X, and X, respectively, which were 
obtained by drawing numbered Bingo 
chips from a bowl. Control charts for X 
and R are required 


Values of X are computed for the 
subgroups as usual and averaged to 


give X. In addition, the averages for the 
X;, Xe, etc. values are computed and 
entered to the right of the table. These 
averages are subtracted from all values 
of X in the same row to give the adjusted 
values shown in Table II. Subgroup ran 
ges ore computed for these adjusted 
values and averaged to give an R 

The central lines and limits are then 


computed as follows 
Chart For X 
Central line x 


X + ALR\/m /(m-1) 


Con’ >I limits 





Chart For R 
Cer "ro re R 
Control limits DR and D,R 


where X and X values are Computed fron 


thy ynadiusted data, , ana . volves ore 


sdjusted data, A», D 


‘ 
¥ , r » 
outed trorr tne a 


a , 
P ‘ ‘ 
ana U, are the usual tactors trom tne 


ASTM Manual on Interpretation of Data, 


ry s the number of S sogro Ips, ona values 
of m / (rr ore aiven in Table Ill 


The upper part of Figure | shows an X 


chart plotted from the data in Table | 
with two sets of control limits; one con 
puted as described above, the other con 
puted by the standard method. It is evi 
dent that the standard limits are muct 
wider. The limits based on the adjusted 
data are very close to those obtained by 
analyzing the original data, i. e., before 
a within-subgroup pattern was added 
by either the standard or the proposed 
method 

There is not complete independence 
among the values of R computed from 
adjusted values of X. The m values of R, 
so obtained, are equivalent to a set of 
(m-1) independent values of R, which is 
allowed for by the factor \/m/(m-1) 

If the new procedure is applied to data 
in which in fact there is no subgroup pat 
tern, practically the same limits will be 
obtained as by the standard method 
There is a slight loss of efficiency of esti 
motrior equivalent to the loss of one sub 
group 

The lower part of Figure | shows two 
range charts; one computed as described 
above, the other computed from the un 
adjusted data by standard methods. The 
standard limits are wider and the points 
show a different arrangement 

An insight into the effect of within 
subaqro Jp pattern on the standard R chart 
can be gained by taking on extreme 
case in which the pattern practically sub 
yes all other variation The limits 
would then be very wide and all points 


mer 


on the R chart pra ty ally at the center 


EXTENSION OF CONTROL 
CHART LINES 


The central lines and control limits ca 
be extended tor both the X and R chart* 
However, the new values of R plotted 
mus? De « omputed from X valves adit sted 
by subtracting the same averages of X 
X», etc. as were used in Table Il. In pra 
tice, these averages should be recom 


puted at intervals 
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DATA BEFORE ADJUSTMENT 


TABLE |. 


Subgroup Number 
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ADJUSTED DATA 
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2.64 3 2.64 —2.64 0.36 —0.64 —0.64 —0.64 1.36 0.36 
5.56 5.28 3.44 572 3.96 24 5.12 3.84 176 4.12 2.88 


0.36 
2.88 


1.64 
4.88 


0.64 0.36 0.36 2.36 0.36 1.36 0.36 0.36 1.36 2.36 0.36 
7.60 3.28 3.84 444 4.72 2.88 4.40 84 3.28 4.76 4.76 


1.64 
4.155 


x 
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CONTROL—STANDARD GIVEN TABLE Ill. VALUES OF , m/(m—1) 
Here, standard values designated X’, m |vmfim— | m | mim] om | vmim—1) 
o’ and X’,, X's, etc. are given. These are | - 
usually obtained from prior data show- | 1 1.05 2) 1.02 
— , 2 1.41 12 1.04 22 1.02 
ing control: the X’ being a long run X; o 3 1.22 13 1.04 23 1.02 
being estimated from R\/m/(m-1)/dz, 4 1.15 14 1.04 24 1.02 
where R is a long run average range 5 1.12 15 1.04 25 1.02 
computed from adjusted X values; and 
y. 1.10 16 1.03 26 1.02 
X’,, Xo, etc. are long run averages used 6 | ‘ 
in adjusting the X values as shown in 7 1.08 17 1.03 27 1.02 
Tables | and ii 8 1.07 18 1.03 28 1.02 
; 9 1.06 19 1.03 29 1.02 
The central lines and control limits 10 1.05 20 1.03 30 1.02 
are then computed as follows —- - 
Chart For X 
. STANOHRD LimuiT 
Central line eee — a Rg LM ty OS 
Control limits ‘weeeee een XV+tAd ypHoves TED Lliu’eT 
2h i " 7 


Chart For R 


CE GD ps caccsesssccccxavees doo’ vk 
Control limits ...D,0’ and Deo’ 
where the X values are computed from / /\ K 
° LL. 
the unadjusted data, the R values are ¥ VW ~~ Vv a. ' —- 
computed from X values adjusted by Z \J VV \J 
= ~s} 





subtraction of X’;, X's, as shown in 
Tables | and II, and d., D; and D» are the 





standard ASTM control chart factors -2F 
EXAMPLE 1 ee Eee 
An illustration based on data having { 
an obvious within-subgroup pattern is -# 
afforded by Table IV and Figure 2. a " 7 - _ _ 7 - : 








® 
T 


In Table IV are given the number of 
degree-days for each month from Sep 
tember to May inclusive for fifteen heat 
ing seasons in Toronto, Canada. The 
number of degree-days for a month was 


® 





FP’ (Hovusrep) 


A 
obtained by subtracting from 65 F. the q _ V \Z V V 7% 
mean temperature for each day in that VV 
month which had a mean temperature 2r 
less than 65°F., and summing for the 
month. For each heating season, the av OF 
erage monthly number of degree-days SE, ee ep as ee ast ae - 


was computed as shown in Table IV, each 
heating season constituting a subgroup 
There is an obvious within-subgroup pat 


/or 


tern, the degree-days for January in any 
season, for example, being higher than 
the degree-days for September 





The X values of Table IV are plotted 


in Figure 2. If the within-subgroup pat 


tern is ignored in computing control 


RP (UNHOUUSTED) 
T 
7 
S 
> 
Y 


imits, limits of 1150 and 379 are ob 











tained which are be and the scal all 2 i AL 4 S 4 a 4s L iL i r i AL a" L. AL i 7 A | 
2 V > beyond > scale o ~ a ws @© O N yey a nN ~ ° 
tne fig Jre Ho wever f +} e method of this Y © ~“ y » . — = sf] © ar ~ % ~“ 
“ ‘ ; ; Cc . , ™ 
paper is followed, the limits 874 and OAMFPL £. NUM ME FZ 
656 shown in Figure 2 are obtained 
FIGURE 1—CHARTS FOR BINGO CHIP DATA 
m cailinn chaet motel ete: hic rec 
In rolling sheet metal strip, thickness middle. They were then averaged along in Table V. These three values for each 
measurements were made at intervals the coil to give a thickness value for coil constituted a rational subgroup, but 
giong a coil af each eage ana oat the each edge and for the cer ter, as shown an inspection of the data showed that 
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TABLE IV. WEATHER DATA (DEGREE-DAYS) BEFORE ADJUSTMENT 








Heating Season Ending in Year— 























Month 1932 1933 1934 1935 1936 1937 1938 1939 1940 1941 1942 1943 1944 1945 1946 
Sept. 76 144 104 80 193 129 209 200 189 154 118 179 39231 142 164 
Oct 369 412 508 497 463 475 536 403 484 538 425 431 53] 483 524 
Nov 574 857 969 666 740 918 775 717 867 814 692 766 818 756 752 
Dec | 962 1065 1264 1222 1294 1021 1144 1056 1066 1075 1020 1240 1192 1210 1252 
Jan | 916 968 1208 1340 1296 1039 1307 1291 1443 1305 1248 1403 1093 1549 1209 
Feb. 1020 1065 1506 1171 1362 1020 1042 1118 1168 1136 1233 1105 1142 1093 1189 
Mar | 1095 1021 1130 901 944 1117 920 1125 1198 1159 906 1098 1135 691 698 
Apr. | 7O5 582 691 613 743 647 576 746 701 442 470 795 739 545 621 
May | 296 225 223 376 230 248 294 255 341 233 289 329 205 468 346 
_ A re * a ~ ———— ~~ 7 
X | 668 704 845 763 807 735 755 768 829 762 /7I\1I1 816 787 771 751 
there was a tendency for the sheet to be MOIU8STED L1M/1T 
thicker at the center than at the edges " eee MAR eRe 
This was due to the fact that the camber N x nae | 
on the rolls was not exactly right for $ G 
the material being rolled, a condition 2 
which is difficult to avoid in practice, y  xol —= 
since changing the camber is an expen- ¥ & a \/ 
sive operation & ¥ 
SQ Y 
The coil averages are piotted in Figure x 690 eO—ooeeeS See eee ee eae ee 
(932 BF Gt SS Si 37 30 39 dO Bl d2 48 44 45 44 


3 along with standard limits of 182.9 and 
190.4 and adjusted limits, as proposed 
in this paper, of 185.3 and 188.1. It will 
be noticed that the adjusted limits indi- 
cate a lack of control which the stan- 
dard limits do not. 


RELATION TO OTHER METHODS 


Other methods for dealing with con- 
trol data having or suspected of having 
a within-subgroup pattern include the 
moving range and analysis of variance 


Control limits for charts such as those 
shown in Figures 1, 2 and 3 could be 
obtained by treating the X values as 
individuals and using a moving range of 
two. Such charts would likely detect 
trends in the data or a sudden change 
in level but would not detect a random 
assignable cause operating between sub- 


groups.* 


Those familiar with analysis of var 
lance techniques will recognize the with 


in-subgroup pattern of Table | as a ‘row 


slaebraic differences 


betweer the subgroups ond 


noes for these mn me jted this 


» be ao better way of using 


inge. However, this possibility has 


t been fully explored by the authors 
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FIGURE 2—X CHART—WEATHER DATA 





effect” and the X control chart of Figures 
1, 2 and 3 as the analogue of a test for 
significant column effects. The control 
chart approach provides, in addition, 
(1) the range chart, (2) a convenient 
method for picking out a single sub- 
group that may be out of control, and (3) 
a convenient method of incorporating 
future data. In both the analysis of var- 
iance and the quality control method, 
the error term on which the significance 
test or the control limits, respectively, are 
based is essentially an interaction, and 
its use as an error term involves the same 
assumptions. In most cases where the 
quality control approach will be used, 
the subgroups will be replications and 
the interaction a valid error term. Where 
only ‘fixed effects’ are envisaged, then 
the presence of a fixed interaction will 
make the analysis of variance test less 
sensitive and, correspondingly, widen the 
limits on the control chart. 


POSSIBLE EXTENSIONS 


Quality control analogues to other 


analysis of variance techniques can read- 
ily be worked out by an extension of the 
method described in this paper. For ex- 
ample, tests for both column and row ef- 
fects can be made by using the method 
of this paper for detecting column effects 
and then adjusting the original data for 
column pattern and testing for row ef- 
fects. Not infrequently, an attempt is 
made to do this by standard control 
chart methods with the result that any 
row effect expands the limits on the 
column chart, and vice versa. 


Similarly, if more than one measure- 
ment is available per cell, tests for signi- 
ficant column, row, and interaction ef- 
fects can be made by averaging the with 
in-cell ranges to give an R and using it 
for computing control limits for (1) column 
means, (2) row means and (3) cell means 
adjusted for both column and row means 
so as to exhibit interaction only. How- 
ever, most readers will prefer analysis of 
variance techniques for dealing with 
data of this kind. 
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TABLE V. SHEET METAL DATA BEFORE ADJUSTMENT 


(Thickness in inches, multiplied by 4000*) 














Coil Number 
Position ] 2 3 4 2 6 7 8 9 10 
Left 750 735 745 740 750 755 740 735 750 740 
Center 770 745 765 735 760 765 745 740 760 745 
Right 750 735 745 740 745 750 730 730 750 740 
x 757 738 745 752 757 738 735 753 742 


*For convenience the computations were made with the data as shown and the vertica' 


4000 to revert to inches gauge as shown in Fig. 3. 
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11 12 13 
ISO 6739S CU 725TH 750 
765 745 745 760 770 
750 730 725 745 750 
fae ¢3 F082 F9O F958 


of the control chart divided by 
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Ther 


tor each value of i, the 
ae 
Kia, & = 1,2,.-- 7", 


have the following properties 
1. They are independent, since each 
of is composed 
numbers from a single row and 
are, by hypothesis, independent of 
the numbers in the other rows. 

. They are normally distributed, since 
they are linear functions of normally 
distributed variables. 


them wholly of 


3. The mean of this normal distribu 
tion Is 
m 
MM, o~L >. 
4 om aM ) 


§7 
which is fixed for each subgroup but 
may vary from one subgroup to an 
other. (This variation is what the 
control chart for X is intended to 
detect.) 

The variance of this distribution is 
(a’)*(1 - 1/m), since 

€ je 

' 


L)-5 Pe; 


XF, = Var. [esa- — ” 


= Var. lei (1 - 


It follows that the range, R,, of these 
values is an unbiased estimate of 
d.\/(m—1)/m(o’) and therefore that the 


a verage range 
_ rm 
Ke = = 
KDR, 
a= 


unbiased estimate of 


d TI US, 


limits for the X chart, no standard given, 


iSO an 


: , 
lry 1} mia } in computing 


ordinary control chart procedure applies, 
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with d- replaced by d im 1) mM, and 


likewise c, replaced by cz\/(m—l1)/m 

In the range chart, no standard given, 
the values of R, and R are compared di 
rectly as in the ordinary control chart 
and no account is taken of the factor 


m 1) m since tne R. and R ore 


equally affected by it. This range chart 
differs from the ordinary range chart only 
through the fact that R,, Re, R,,, are 
not wholly independent, but the effect 
of their interdependence is so small that 
it may safely be ignored in practical 
cases 





In the control charts, standards given 


the factor \/(m - 1)/m is not needed be- 
cause the o’ specified is the standard 
deviation of adjusted values, and since 
the adjustment to be made is specified in 
advance, the R values on the range 
chart are independent of each other 


Stratification Control Charts 


IRVING W. BURR 


ASSOCIATE PROFESSOR OF MATHEMATICS, PURDUE UNIVERSITY 


WADE R. WEAVER 


DIRECTOR OF STEEL CONSERVATION AND QUALITY CONTROL, 


1. INTRODUCTION 
It often happens in quality control ap 
plications that one finds he wants to in 
clude in the same sample several mea 
surements arising from somewhat differ 
ent conditions. For example, a single 
sample might contain 
(a) Analyses by different laboratories 
or analysts on a single solution or 
somple of material 
(b) One piece from each of several 
machines, taken at the same time 
of day 
(c) The first, middle and last billet from 
an ingot of steel 
(d) The castings from several mold 
cavities from a single cast 
(e) Production figures from three turns 
for a single day 
(f) Machined rings from base, middle 
and cap end of a pot 
When samples are taken in such a 
manner as these examples, however, the 
variation among the measurements with 
ina single sample will not only be due 
to random causes, but will also be due 
to any assignable causes of variation 
between one condition and another 
[Thus in (c) the first billet, in general, does 
perform differently than the middle bil 
let.| Hence each range tends to be too 
large and the average range, R, does 
not truly reflect random causes only 
When this ‘inflated’ average range is 
used the control band is too broad and 
hence some very erroneous conclusions 
can easily be drawn from the conven 
tional control charts 
Because of the difficulty just discussed, 
it is Common practice in quality control 
instruction to discourage the use of strati 
fied samples such as those mentioned 
Instead, the emphasis is placed upon the 
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EDITOR'S NOTE 

This paper and the one that pre 
cedes it on “Quality Control 
Charts for X and R Adjusted for 
Within-Subgroup Pattern’ repre 
sent two independent and similar 
solutions of a problem that is of 
fundamental importance in wide 
areas of control chart application 
The Westman - Lloyd manuscript 
was received in May 1948; the 
Burr-Weaver manuscript was re 
ceived in October 1948 

Because the problem solved and 
the possibilities for expansion 
opened up by these papers is of 
such challenging interest and be- 
cause each paper makes a distinct 
contribution to a correct interpre 
tation and application of this new 
technique, it has seemed best to 
publish both papers simultan 
eously so as to present in one issue 
as broad a view as possible of the 
subject in its present state of de 
velopment 











rational’ sample, in which insofar as 
possible all the variation is attributed to 
random causes only. The present paper 
shows how to make control charts to 
properly analyze data which are ob 
tained in stratified samples. By use of 
the technique here explained it will often 
be desirable to collect data in the form 
of stratified samples. (There are fre 
quently cases where, in fact, it is impos 
sible to obtain other than stratified 
samples.) It may well be said that the 
method to be described can be used to 
study by control charts, data such as are 


a 


typical for many analysis of variance 
problems 

The method will first be illustrated by 
an actual practical example at Republic 
Steel Corporation. This will be followed 
by a brief discussion of some of the math 
ematical background and finally some 
further possible applications will be sug- 
gested 


2. A PRACTICAL EXAMPLE 


2.1 Process Description—Cold 
rolled strip is tin-plated electrolytically 
in a continuous process, the back end of 
one coil being welded to the front end 
of the following coil to provide a con 
tinuous strip for passage through the pro- 
cess. After passing through tanks con 
taining suitable cleaning solutions, the 
strip enters the plating tank, traveling at 
a speed of about 800 feet per minute 
This tank contains the electrolyte, or 
plating solution, and the anodes, suit 
ably shaped bars of pure tin. Deposition 
of the tin on the strip is accomplished by 
passing an electric current of proper 
density through the solution via the 
anodes, the strip to be plated being the 
negative pole, or cathode, of an electric 
cell. The weight of tin deposited is a 
function of the current density, the speed 
of travel of the strip, and the distance of 
the strip from the tin anodes. All other 
factors remaining constant, it is the latter 
which will determine the weight of the 
tin deposit. 

Tin plate is produced to specifications 
giving an average with plus or minus 
tolerance of ‘pounds per base box.” It 
is sold on a ‘base box’ basis, the price 
being dependent on the weight of the 
tin coating. This unit is really an ‘area 
base, rather than the customary ‘weight 
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TABLE 1. WEIGHT OF TIN-PLATE IN POUNDS PER BASE BOX. 














_— Turn  |CPERATOR EDGE CENTER DRIVE EDGE, ORIGINAL DATA | ADJUSTED DATA 
ms |; %, I &@Q*%  . | SUM X_—R_| X,~3 X+6 Xs—3 R 
5/24 2 70 61 7) 202 673 #10! 67 +67 #68 #1 
3 71 64 71 206 68.7 «7 | 68 70 68 2 
3 71 64 71 206 687 =7/| 68 70 68 2 
5/25 75 64 74 | 2130 «710 ~=«201 | 72 70 71 2 
75 64 74 213. «71.0 «#«411| 72: «70 «71 «(2 
73 62 70 | 205 683 11/70 68 67 3 
2 | 72 63 71 | 206 687 49/1 69 69 68 1 
2 | 74 65 7) | 210 700 9| 71 #71 #68 3 
3 | 73 65 72 | 210 #700 8|70 71 6 2 
3 74 61 74 | 2029 697 13/71 +67 «71 «4 
3 74 66 74 | 2147.3 Bl] 7727 
3 79 72 78 «6 | 229 «76.302«C«dW «| 76 O78 O75 
5/26 66 58 65 | 189 630 8] 63 64 62 2 
71 60 71 | 202 67.33 11] 68 66 68 2 
69 59 65 193 643 10] 66 65 62 4 
| 79 65 76 220 73.3 14176 #71 #73 = 5 
79 67 76 | 222 740 12| 76 73 73 3 
2 | 79 67 76 | 222 740 12/76 73 73 3 
5/27 | 73 62 73 +~+'| 208 «469.3 11) 70 68 70 2 
74 61 75 | 210 #700 14/71 +67 #72 ~«5 
2 70 65 74 ~+| 209 «#4697 = «2©9!| 67 +71 «71 4 
2 70 64 77 ~+'| «211 «2970.3«213:'| 67 «+70 «74 «7 
2 77 66 73. ~»«+| 216 «©6720 «#2111 74 «72~=«0s 
3 72 68 72 | 212 707 «+41 69 74 69 5 
3 72 64 72 | 208 693 £48| 69 70 69 1 
5/28 | 74 71 76 | 221 737 5|71 #77 #73 6 
| 72 68 72 | 212 707 «+41 69 74 69 5 
1 72 62 70 204 68.0 10| 69 68 67 2 
| 70 65 74 209 69.7 9| 67 71 71 4 
76 65 74 | 215 71.7 11) 73 7) 71 2 
75 69 75 219-730 «8696| 72 75 «72 «3 
2 77 67 74 | 218 72.7 10| 74 73 71 3 
2 80 67 77 224 747 #13177 «73 =«74 * 4 
2 71 68 76 215 7I7 8) 68 74 73 6 
3 66 59 66 191 637 7/| 63 65 63 2 
TOTAL 2565 2258 2550 7373 2457.8 331 | 2460 2468 2445 110 
AVERAGE __ 73.3 64.5. 72.9 70.2 70.2 9.5 |70.3 70.5 69.9 3.1 
DEVIATION FROM 
GRAND AVERAGE 13.1 57 127 
ADJUSTMENTS TO ae — 
INDIVIDUALS 3 +6 3 x R x ~ 
UCL ti‘ ™é™S# —_ 79.9 24.4 73.4 8.0 
LCL 60.5 0.0 67.0 0.0 


Control Limits for X,, X» and X,: U. C. L. 71.2; L.C.L. 69.3. 
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base used in most steel products, since a 

base box contains 112 sheets of tin 
plate 14” x 20”, or the equivalent area, 
regardless of gouge, or thickness, of the 


‘ 


sheet 


Obviously, a uniforn from 


edge to edge of the strip and from one 


coating 


location in the coil to another, of exactly 


the ordered thic kness is most desirable 


onda rr ost economica! Excessive thick 


nesses are unnecessary and wasteful 


while too little coatina does not provide 
the degree of protection den anded of 


the tin plate by the processor 


At selected periods a the 
full width of the 


process, 


test piece, 
strip, is cut from the 
and is tested for coating thick 
Three spots on each test piece are 
checked, 


ness 


near both edges and at the 


center. Based on these results, suitable 
adjustments in the process are made by 
the operator. Such test data provide 


ideal statistics for quality control analy 
sis On uniformity and weight of coating 
thickness 


Actual test data over a five day period 


Table | in the columns 


, and Xs 


are listed in 


headed X,, X 


CALCULATIONS FOR 
CONTROL LIMITS 


(Data of Table 1.) 


Original Data 3 


X X+AR 
70.2 +-(1.023\(9.5) 
60.5; 79.9 
R: DyR—(0)(9.5)—0 
D,R—(2.574)(9.5)—24.4 
Adjustments 
Mes KX 
70.2-73.3 3.1 3 (appr.) 
Ku XK 
0.2-64.5 +-5 7—-+-6 [appr.) 
Me: XK 
0.2-72.9 2.7 3 appr.) 
Total 0 


Adjusted data »--3 


x Pi AR 
0.2 +-(1.023)(3.1) 
67.0: 73.4 
R: D,R—(0N3.1)—0 
D,R—(2.574)(3.1)—8.0 


Original position averages n—35 
x 


X X+IR/ (da /N 


70.2 + 3(3.1) /(1.693\/35) 
69.3;71.1 
(Note that n=-3 for d» but we use 


N=35 in, N) 





CONTROL! CHARTS FOR KX! AND R— (ORIGINAL ‘DATA | 
COATING WEIGHT — POUNDS PER BASE BOX EQUIVALENT 
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FIGURE | 


2.2 Present Procedures — A'- 
though the data shown in the columns 


headed X,;, X» and Xz, in Table |, are 
in reality stratified samples, ordinary 


control charts for X and for R were con 
structed Control limits were obtained by 
the well known formulas 
and D,R, with X 70.2 and R—9.5). As 
may be seen in Figure 1 the two contro 


charts show exceptionally good control 


X+AR, DR 


. 


+ 


hig 


| uae igaesali ii) (iii {gees 


CONTROL CHARTS FOR INDIVIDUALS 


AT v7 Ny = 98 


As judged by control charts constructed 
in the foregoing manner, therefore, the 


process would be given a ‘clean bill of 


health."’ Closer inspection of the control 
charts shows, however, that ca ntrol is 
almost ‘too good.’ For example, there 


are no points even close to the _upper 
control limit for ranges, while the X chart 
shows not a single point out of the 35 
more than 207 away from the center 


line. Hence the careful worker would 
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FIGURE 2—CHARTS FOR SPECIFIC TEST POSITIONS 
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FIGURE 3—COATING WEIGHT CHARTS—ADJUSTED DATA 


question the validity of the conclusion. 
The error of course lies in the fact that 
in each sample of tests, the results vary 
not only because of random causes, but 
also because in general the center test is 
lower than the other two tests. Thus the 
range for the three not only reflects ran 
dom causes but also the assignable cause 
of difference in coating between center 
and edge. Thus the ranges are inflated 
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and their average R is too large. This 
causes the control bands of both X and 
R charts to be too wide. Analysis of such 
stratified data in the foregoing manner 
is therefore unreliable 

One way out of the difficulty is to 
make individual control charts for each 
of the three positions. There are 35 points 
on each of the charts as shown in Figure 


2. The control limits were calculated by 


TEST AOSITIONS 
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FIGURE 4—CHART FOR TEST POSITION AVERAGES 
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X+3R/do, 


moving ranges (first two X,'s then the 
second and third, etc.) and the formula 
(where do—1.128 for the 
sample size of n==2). These three charts 
show the same general degree of ran- 
domness in all three charts, but the chart 
for the center position is definitely lower 
than those for the other positions. Al 
though this approach is a good possibil 
ity it is undesirable from at least four 
viewpoints 
(a) A direct comparison between the 
three positions is not shown 
(b) The information on a single test of 
three measurements is not summar 
ized by a single point, but is made 
up of three points on separate 


charts 

(c) An assignable cause present may 
so inflate the moving range that 
the charts miss the assignable 
cause. Such was the case here 

(d) The control chart for individuals 


places somewhat more strain upon 

the assumption of normality than 
does the control chart for X's 

A third possibility, which will at once 

occur to the statistician, is analysis of 

variance. Thus we might analyze the 

entire variability within the 105 numbers 

into that part due to variation 

that due to 


shown, 
from position to position, 
variation from strip to strip (time to time) 
and that part due to random causes (and 
any other unclassified assignable causes) 
The results of such analysis of variance 
are shown in Section 4. Although the 
analysis of variance approach to this 
problem has many advantages, it does 
have the following disadvantages 


(a) Even if the variation from strip to 
strip proves significant there is no 

information in the test itself as to 

just which strip is high or low or 

whether it is several high and sev 
eral low or a trend up or down 

(b) A comparison between the aver 
age thickness of coating at the 
three different positions on a strip 
is not explicitly shown 

(c) Uniformity of variability is not 
tested 

(d) The calculations, while reasonably 
easy, especially with a calculating 
machine, are a little involved for 
the industrial man whose statistical! 
experience is large ly wtih the con 


trol chart 


2.3 New Technique Developed 
In order to overcome the disadvantages 
of analysis of variance just mentioned 
the following control chart method was 
developed. The technique would seerr 
to have very wide applicability to data 


in stratified samples 





The data were first adjusted for the 
assumed presence of a constant assign- 
able cause which produces lower test 
readings on thickness of coating at the 
center of the strip than at the edges as 
follows 


(a) The average reading at each posi 
tion and the grand average were 
found. 


(b) The average reading at the center 
being 64.5 against an overall aver- 
age of 70.2, each center reading 
was adjusted upward by 6 units 
(the nearest whole number to 
70.2—64.5). Similarly the other 
readings were adjusted dowiiward 
by 3 units each 


Next the adjusted data were analyzed 
as follows 


la) Each row was treated as a single 
sample of three measurements 
each. Note that the X's ure the 


same as the original X's since the 
total of the adjustments in any one 
row was zero (—3+-6—3=—0) 

(b) Control limits for X and R for the 
samples in (a) were found by 


Xt AoR, DgR and D,R, X being the 
same as for the unadjusted data 
but R being considerably smaller, 
3.1 as compared to 9.5, for the un 
adjusted data. The reader should 
note the two R columns in Table | 
(c) A control chart for the three differ- 
ent positions was constructed, 
showing one point for each posi 
tion, using the column averages for 
the unadjusted data. The control 
limits are found by using 


Xt 3R/(do\/N) where R is the av 
erage range for the adjusted data, 
d» is for n==3, and N is the num- 
ber of tests in each column aver- 
age, namely 35 


A comparison between Figures | and 
3 brings to light the fact that although 
the points on the X charts are in the 
same position, the control band is nar 
rower for Figure 3 and we find five points 
above the upper control limit and three 
below the lower control limit. Appropri- 
ate investigations should therefore be 
made of the conditions under which the 
corresponding strips were produced and 
tested. The range chart for the adjusted 
data shows satisfactory control giving us 
confidence in the stability of random 
causes of variability. This range chart 
does not, however, show the “too good 
control of the range chart of Figure | 
The chart for averages at each position 
in Figure 4 shows a very clear-cut picture 
of the variation in thickness of coating 
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across the strip, since all three points are 
outside of the control band, the two 
edges being high and the center low. The 
true characteristics of the process are 
thus exhibited and we have oa set of 
control charts which are definitely useful 
in assisting the control of quality during 
production, both within test pieces and 
from one test piece to another. 


3. DESCRIPTION OF TECHNIQUE 


When measurements appear in a rec- 
tangular table in which the various 
columns represent differing machines, 
formulas, personnel, etc. and the var- 
ious rows also represent differing times, 
material, personnel, etc. then the steps 
in the analysis are as follows 


(a) Total the columns and rows check- 
ing on the grand total. 


(b) Subtract each column average 
from the grand average, thus ob- 
taining amounts by which the X's 
in each respective column are to be 
adjusted. These adjustments should 
be rounded to the same precision 
as the original data or one more 
decimal place, preferably the lat- 
ter. The adjustments should also be 
made to total zero so that each row 
total will be the same for the ad- 
justed data as for the original data. 


(c) Each X is adjusted by adding the 
respective adjustment for that 
column. This has the effect of in- 
creasing the measurements in 
columns with low averages and 
decreasing those in columns with 
high averages. 


(d 


Ordinary control chart technique 
for X's and R's is applied to the 
adjusted data, each row forming a 
single sample. 


(e) A control chart for column aver- 
ages of original data is next con- 


structed, with center line X and 
control limits at X—:3R (dey N) 
where R is for the adjusted data, 
d» for n==number of columns, and 


N the total number of original 
measurements, X in a column. 


(f} Conclusions are drawn from the 
two X charts and the one R chart 


It would also be possible to adjust 
for row averages rather than for 
column averages. In general the 
choice would seem to be a practi- 
cal one, depending upon conven- 
ience and which grouping makes 
the best practical sense in estimat- 
ing random variability 


\g 





4. MATHEMATICS INVOLVED 


The new control chart technique here 
discussed is closely related to analysis 
of variance. In fact it is essentially a dif- 
ferent use of the same tools and ap- 
proach. The following calculations by 
analysis of variance show the total var- 
iation divided up into three separate 
parts: (a) that due to column to column 
variation, (b) that due to row to row var- 
iation, and (c) that which is independent 
of either. The calculations were done as 
shown, since this is the easiest approach 
from the calculational viewpoint. When 
done in this manner, however, the results 
do not readily show their true interpreta- 
tion as sums of squares. Let us focus 
most of our attention upon Q residual. 
This quantity is that part of the total var- 
iation which is independent of constant 
assignable causes of both column to 
column and row to row variation. The 
analysis of variance technique therefore 
uses this quantity as a measure of the 
population variability by making out of 
it an unbiased estimate of population 
variance (o’)* through dividing by the 
appropriate number of degrees of free- 
dom. Now a laborious but highly instruc- 
tive way to calculate Q residual would 
be to find the sum of the squares of the 
105 residuals eacn being found by the 
formula: 

X—X-col—X-row-LX, 
where we subtract the respective column 
average and the row average from each 
X and finally add the grand average. A 
more meaningful way to write this resi- 
dual is 
X—X—(X-col—X)—(X-row—X), 

which is exactly equal to the preceding 
Since these residuals total zero, the sum 
of the squares is in reality only reflecting 
the variability of all of them, finally mak- 
ing an unbiased estimate of population 
variance 


The new technique requires the for- 
mation of adjusted data by the formula 
X-+ (X—X-col), which is an adjustment for 
the column each X was in. Then these new 
figures are not analyzed for variability 
throughout the table, but instead within 
each row, using ranges. The results 
would, however, be just the same as 
though we were to take the true residuals 

= Ss (X-col X)- (X row- xX) 
and use ranges of rows of these residuals. 
Therefore it is not necessary to do the full 
job of finding the residuals as last shown, 
and one can use the adjusted data as 
discussed before in Sections 2 and 3 
The next step is to get the unbiased esti 
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mate of population standard deviation 4.1 ANALYSIS OF VARIANCE CALCULATIONS 


by R/ dy, the formulas given making use 
of this estimate. It is true, as will be 
brought out in a more mathematical 
paper, that there is a little bias in this 
procedure. Since the bias is relatively 
negligible even for quite small numbers 


LEX?2=707 +-712+-717+- ... +-627—520,565 
(X2XX)*—(2565+-2258 +-2550)*— (7373)?—54,361,129 
(Column totals)*==2565* +- 2258" +-25507— 18,180,289 

2022 +- 2067 +- 2067-4 +-191°—1,555,839 


(Row totals)* 








of eye columns it — =p = Q—=TEX2?—(E EX)? / 105—520,565— 73732 / 105—2840 
t t t - . eer 
Noe Qcol=Z{Col. totals}? /35—ZEX)?/105=18, 180,289 /35—7373* /105=1712 
It is worth noting that the two estimates Q-row— (Row totals)” /3—(X =X)? / 105—1,555,839 /3— 7373" / 105—888 
of o based upon residual or random Q-res.— Q—Q-col—Q-row— 2840—1712—888 —240 
couse variation are nearly equal, for the A—(Q-col) /2—=1712/2—856 
illustrative data 
B—(Q-row) /34—888 /34—26. 1 
By the analysis of variance we have 
=\ (Q-residual) /(2)(34) [ (Q-res.) 68 240 68 3.53 
\/240 /68—=1.88, F—A/C—856/3.53—242 FB /C—26.1/3.53—-7.4 
while using R from the adjusted data we Fo: ——4.93 F.o, 1.95 
have 
oR d» 
3.14/ 1.693 (b) Different types of jets on several (f} Different lots of material on each 


1.85 runs, using all jets on each experi of several machines. 


mental run (g) Temperature readings from sev 


eral thermostats at varying times 


5. SUGGESTED APPLICATIONS 


(c) First, middle, and last sample on 
In addition to the possible applications several batches (h) Printing performance on various 
in Section 1 the following may be of id) Pert ' papers with different inks, types, or 
atnenes ) Performance of measuring tech presses 
(a) Weighing operations; different nique or device on several different (i) Performance of employees on vai 
people or machines at various samples. ious tasks of similar nature 
times le) Shift performance day by day (j) Ratings of jobs by different raters 


REPORT OF 
Fifth Annual Rochester Clinic 


The Fifth Annual Rochester Quality Squibb and Sons at New Brunswick, New 


Clinic was held on Tuesday, Jersey, spoke at the Fifth Annual Dinner 


Control 
n the evening. Mr. Brownlee, whose sub 


February 15, 1949 in Rochester, New 
York, at the Chamber of Commerce. This 
all day Clinic was sponsored by the 
Rochester Section of ASQC in coopera 
n with the Industrial Management 
Council of Rochester. Considerably more 
than 300 persons attended all or parts of 
the aay s activities 
At the noon luncheon meeting, Mr 
Paul H. Rutherford, General Manager of 
the Delco App iance Division, General 
Motors Corporation, Rochester, spoke on 
Quality Control in a Com 
petitive Market Mr. Rutherford de 
clared that ‘Management looks to Qua 
sane and rea 


tne subiect 


ity Control for two things 


sonable approach toward quality re 
quirements and a real cost conscious 
ness 

Mr. K. A. Brownlee, who is associated 
with the Development Division of E. R 
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MR. K. A. BROWNLEE 


ject Experiments Show the Way,’ cited 
from his own experience the very effec 

tive manner in which statistical quality 
control was applied to certain problems 
in explosives in England during the War 
The speaker further described the use of 


similar techniques for the { 


purpose o 
ncreasing penic illin production 

The afternoon program consisted ot 
seven clinic sessions as listed below. The 
entire series was given twice, once from 


1:30 - 3:30 and again from 3:30 - 5:00 


J 


CLINIC 1] 
SUBJECT Control Charts 
SPEAKER Dr. Martin Brumba gh, 
Director, Dept. of Statistical 
Analysis, 
Bristol Laboratories, Inc 
Syracuse, N. Y 


Continued on page 1/8 











ANNOUNCING THE 


Third Annual Convention 
American Society for Quality Control 


COPLEY PLAZA HOTEL, BOSTON, MASSACHUSETTS 


SERIES A 
“Quality Control Engineering”’ 
A Two Day Practical Course 
An attack upon the problems of any 
plant; five sessions 


The engineering and administration 
phases of a quality contro! problem will 
be covered. A panel of three qualified 
men will discuss many new practical sta- 
tistical techniques along with the con- 
ventional control charts and sampling 
plans. The discussions will start almost 
from scratch—but instead of theory, you 
are in for some practical advice gathered 
from experiences in the manufacturing 
and gaging industries, consulting, and 
educational fields 


CHAIRMAN 


Dorian Shainin, Chief Inspector 
Hamilton Standard Propellers 


COMMITTEE MEMBERS 


O. H. Somers 

Western Printing & Lithographing Co. 
Poughkeepsie, N. Y. 

Professor Paul Peach 

Institute of Industrial Statistics 

North Carolina State College 
University of North Carolina 


Thursday A.M — Ist Session 


Incoming and batch inspection. 


Thursday P.M. — 2nd Session 
Control of quality in component manu- 
facture 


Thursday P.M. — 3rd Session 
Inspection of continuous production 
and assembly operations 


Friday A.M. — 4th Session 
The human element problem and over- 
inspection 


Friday A.M. — 5th Session 
Special engineering investigations 
Main speaker - Paul Peach 
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SERIES B 


‘‘Management’s Problems of 
Quality”’ 


Thursday A.M. — 1st Session 


Mobilizing for Quality in a Compe- 


titive Market 
Professor Joseph M. Juran 
Administrative Engineering 
New York University 
Importance of overall, consistent qual- 
ity policy 


Thursday P.M. — 2nd Session 

“A Sound Program for Improving 
Vendors Quality 

E. M. Schrock 

Quality Control Engineer 

General Electric Co 
Vendor certification - understanding 
specifications - building quality con- 
fidence - setting vendor-buyer stand- 
ards. 


Thursday P.M. — 3rd Session 
“Building Sales through Quality 
Control 

S. H. McKibben 

Sales Engineer 

Corning Glass Works 
Quality assurance as a selling point; 
sales acceptance; overcoming sales 
resistance. 


Friday A.M. — 4th Session 
“Building a Quality-Minded 
Organization 

R. F. Hurst 

Assistant to the Vice-President of 

Manufacturing 

Bigelow-Sanford Carpet Co. 
Quality psychology; instilling quality 
thoughtfulness on all levels; setting a 
firm foundation for real action. 


Friday A.M. — 5th Session 

Gaging Consumer Reaction to Prod- 
uct Performance 

Ephrian Freedman 

Director 

Macy's Bureau of Standards 
Macy's experience in determining what 
the customer wants and how well he 
likes what he gets. 


SERIES C 


“Advanced Techniques’’ 
Of interest to Those in 
Quality Control 


Thursday A.M. — Ist Session 
“Diagnosis with Diagrams 
L. A. Seder 
Chief Quality Control Engineer 
Gillette Safety Razor Co. 
Picturing product variability; a unique 
means for presenting quality data. 


Thursday P.M. — 2nd Session 

Practical Applications of New 
Theory: A Review 

Professor Frederick Mosteller 

Harvard University; 

Dr. John Tukey 

Princeton University 
Summary of latest developments in 
mathematical statistics clearly pre- 
sented for use in Quality Control. 


Thursday P.M. — 3rd Session 
“What Risks Should | Take in Sampling 
Inspection?’ 

F. E. Satterthwaite 

Quality Control Engineer 

General Electric Co. 
Role of experience in setting up a 
sampling plan. 


Friday A.M. — 4th Session 


“Presentation of Measurement and 
Product Variability 
F.E. Grubbs 


Chief, Surveillance Branch 
Research Laboratory 
Aberdeen Proving Ground 
How to get at product variation inde- 
pendently of instrument errors. 


Friday A.M. — 5th Session 
Some New Sampling Plans for Con- 
tinuous Production 
H. F. Dodge 
Quality Results Engineer 
Bell Telephone Laboratories 


New techniques for conveyor line 
sampling 
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AND THE 


Third New England 


Quality Control Conference 


THURSDAY AND FRIDAY, MAY 5-6, 1949 


SERIES D 


‘Selected Topics of Special 
Interest’ 


Thursday A.M. — 1st Session 
“Dimensions and Tolerances, the 
Foundation of Quality Control 

Professor Earle Buckingham 

Massachusetts Inst. of Technology 
Among other things, an explanation of 
the new and widely discussed English 
dimensioning system. 


Thursday P.M. — 2nd Session 
“Gage Standardization Rooms 
C. H. Borneman 
Supervisor Tool & Gage Service 
General Electric Co. 
Proper control of the Quality Stand- 
ards. 


Thursday P.M. — 3rd Session 
“Analyzing and Channeling Inspection 
and Quality Control Information 

G. A. Fort 

Quality Control Engineer 

The Parker Appliance Co. 
Curing quality troubles by streamlining 
your paper work. 


Friday A.M. — 4th Session 
A panel Discussion—‘The Quality 
Control Department as a Training 
Ground for Supervisory Personnel’ 


Chairman: £. H. Robinson 
Director of Quality 
Control 
Johnson & Johnson 


Panel: E. D. Thompson 

Works Manager 
Badger Meter Co 
Harris Reinhardt 
Manager of Employ- 
ment and Training 
Sylvania Electric Pro- 
ducts, Incorporated 

E. S. Gibian 

Chief Industrial Engineer 
Thompson Products, Inc 


Friday A.M. — 5th Session 
A Panel Discussion—''Latest Thinking 
on Quality Control Education 
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CASE HISTORIES OF QUALITY CONTROL IN 
SPECIFIC INDUSTRIES 


FRIDAY AFTERNOON — MAY 6th 


CLINIC 1—Amorphous Products 
Industries 
J. W. Morrison 
U. S. Rubber Co 
Plastics: J. Adams 

Monsanto Chemical Co 


Rubber: 


CLINIC 2—Batch Products Industries 
Chemical: W.L. Gore 
E. |. duPont deNemours 
& Co 
Food: €. C. Farmer 
H. P. Hood & Sons 


CLINIC 3—Electrical Industries 


Apparatus: A. A. Goodman 
Westinghouse Electric 
Corporation 
Steam Turbine Division 


Lamps: P. M. Dickerson 
Westinghouse Electric Corp 
Lamp Division 


CLINIC 4—Continuous Process 
Industries 
Textile: R. H. Souther 
Cone Mills 
Paper: Carl E. Noble 
Kimberly-Clark Corp 


CLINIC 5—Mechanical Industries 
Forging: James Rayer 

Timken Detroit Axle Co 
Aircraft: J. G. Rutherford 

Glenn L. Martin Co 


CLINIC 6—Job Shops 


H. Edgerly, Scott & Williams, Inc 
Irving Schiesel, Mattatuck Mfg. Co 





Thursday Luncheon 
SPEAKER: Mr. A. B. Holmstrom 


Vice President Norton Co 
Worcester, Massachusetts 


Friday Luncheon 
SPEAKER: To be announced 


Thursday Evening: ANNUAL CONVENTION DINNER MEETING, ASQC 


SPEAKER 


Edward Gluck, Lt. Colonel, Ordnance Department 


Deputy District Chief, New York Ordnance District 


SPECIAL CEREMONY 


Awarding of First Shewhart Medal to the 1948 Medalist 





Chairman: Professor Lloyd Knowler 
Chairman of Mathema- 


tics Department 
University of lowa 


Arthur Bender, Jr. 
Delco-Remy Division 


General Motors Corp 
Topic Courses sponsored by 
local Quality Control 


Societies 


Professor Irving Burr 
Purdue University 

Topic Undergraduate 
courses 


Wade R. Weaver 
Metallurgical Engineer 
Republic Steel Corp 

Topic In-plant training 
courses 


R. E. Wareham 

President, ASQC 
Topic Quality Control edu 

cation by a consultant 


Mason E. Wescott 
Editor, INDUSTRIAL 
QUALITY CONTROL 
Topic Quality Control edu 
cation through publica 


tions 








ROCHESTER CLINIC 


Continued from page 15) 


CLINIC 2 
SUBJECT Quality Control as a 
Chemical Engineering Tool 
SPEAKER: Dr. George N. Cornell 
Chief Chemical Engineer 
A. E. Staley Mfg. Co 
Decatur, Illinois 
CLINIC 3 
SUBJECT Is Receiving Inspection a 


Liability or an Asset? 
SPEAKERS: Edward Close, Chief In- 
spector, Instrument Division 
Bausch & Lomb Optica! Co 
Rochester, New York 


Wilson B. Wight 

Assistant Purchasing Agent 
Bausch & Lomb Optical Co. 
Rochester, New York 


CLINIC 4 


Design of Experiments 
Dr. Grant Wernimont 
Quality Control Engineer 
Color Control Department 
Eastman Kodak Company 
Rochester, New York 


SUBJECT: 
SPEAKER 


CLINIC 5 
Statistical Analysis of Field 
Complaints 
Prof. W. A. MacCrehan 
Administrative Engineering 
Director of Gage Laboratory 


SUBJECT 


SPEAKER 


New York University 
New York City 


CLINIC 6 


SUBJECT: “Services of the University 
Ordnance Gage Laboratory 
to Industry 

SPEAKER: Mr. Ben Patton 
Chief of Gage Laboratory at 
Frankford Arsenal 
Philadelphia, Pa. 

CLINIC 7 

SUBJECT: “Reporting Quality to Man- 
agement, Customer and Sup- 
pliers 

SPEAKER: Mr. Fred C. Schulze 


Chief Inspector 
Hunter Spring Co. 
Lansdale, Pa. 


Sampling for Lot-Quality 
Contrasted with Predicting an Election 


W. EDWARDS DEMING 


BUREAU OF THE BUDGET, WASHINGTON, D. C. 


SAMPLING FOR LOT QUALITY 


In any acceptance-sampling plan, 
there is a producer's risk and a con 
sumer 's risk. In the use of X and R charts 
there are likewise two risks, viz., being 
sent on a chase for trouble that does not 
exist, and failing to look for trouble that 
does exist. Similarly, there are two risks 
rn drawina oa conc lusion from any experi 
ment. It is possible in many but not all 
ircumstances to design sampling plans 
which the theory of probability may 
be used to control these risks, and to do 
so at the least possible cost. In fact, the 
statisticians job seems to be mainly the 
se of the theory of probability to mini 
mize the net economic losses arising from 
two kinds of errors. A statistical plan is 
distinguished by this minimum net 
loss. 

One of the most important problems of 
quality control is how to sample a lot 
of material to determine its quality Two 
risks are involved in this problem also 

A sampling plan may furnish too 
much precision, and thus be too 
costly and time-consuming 


nN 


it may fail to furnish enough preci 
sion, and lead to bad feelings or 
even a lawsuit 


In a statistical plan these errors are 
controlled through sample-design, a 
subject that has been carried far in social 
and economic surveys, in the Census, 
Bureau of Labor Statistics, Bureau of 
Agricultural Economics, Bureau of Cus 
toms, and in many other places, notably 
in England and India. These methods de 
pend on the theory of probability and on 
field work so faithfully carried out that 
the theory of probability may be applied 
Adaptation of these methods into the 
sampling problems of industry, along 
with new original research, are capable 
of effecting huge savings, with improved 
issurance of quality determinations 

Before one can say that any sampling 
plan furnishes sufficient or too much pre 
ision, it is necessary to set a goal: what 
precision is wanted? The more precision 
demanded, the greater the cost; hence 
it pays to specify as low a precision as 
tolerable. An answer may be provided 
for illustration by specifying that the 
standard error of the sample (percent 
ash: B.t.u. content: minimum breaking 
strength; clean content of wool; weight 
of a shipload of sugar, tobacco, or wool) 
taken from a lot shall be '/,° This 
would correspond to a 3-sigma band of 


1%,%, outside of which practically no 
sample would ever fall. Wider limits may 
and will be specified to suit the require- 
ments. Sometimes the criterion to be met 
is one of cost; the cost of sampling a lot 
may not exceed (e. g.) $100, in which case 
the sampling problem is to obtain the 
greatest possible precision for the al 
lowable cost 


OPINION SURVEYS AND 
SAMPLING FOR LOT QUALITY 


The recent failure of the polls has 
been the cause of many letters and edi 
torials in newspapers, in some of which 
all sampling is consigned to perdition 
One great and lasting benefit of this 
publicity is the interest that has been 
created instatistical methodology. 


lt may not be apparent at first sight 
that many of the problems in forecasting 
an election are identical with certain 
statistical problems in quality control, 
particularly the problem of how to sam 
ple a lot. It is also true that some prob- 
lems of election-forecasting are not sta 
tistical, but involve judgment, subjective- 
ly. It is important that anyone engaged in 
quality control should attempt to under 
stand these similarities and differences 
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Social and economic and opinion sur- 
veys correspond to a determination of 
lot-quality. In such surveys, in modern 
practice, there will be a prescribed pre- 
cision, such as to estimate with 3-sigma 
limits of (e.g.) 5 percent, what would be 
the results of a complete coverage taken 
to discover how many people in a cer- 
tain area are seeking work, how many 
worked 25-29 hours last week, how many 
dwelling units are vacant, the expendi- 
ture pattern for food or clothing, indus- 
trial employment, acreage in wheat, con- 
dition of crops last week, or an opinion 
pattern. There are economical and un- 
economical ways of performing such 
surveys; there are biased and unbiased 
ways; and the same statements hold for 
sampling lots. The statistician’s job is to 
meet the precision required, but not to 
over-do it, and to demonstrate beyond 
question the magnitude of his errors. 


In order to understand what has hap- 
pened to the polls, it is important to re- 
cognize at least three distinct steps in a 
sampling problem. First comes the 
definition of the universe (the !ot). |f 
a complete canvass were to be made, i. 
e., if there were no problem of sampling, 
who would be canvassed? All adults? All 
people who will be legally eligible to 
vote on election day? All people who 
will vote? (We shall return to this in a 
moment.) Second, a meaningful ques- 
tionnaire the (test-method) must be de- 
vised to throw light on the aims of the 
survey—in this instance, the prediction 
of an election. Third, the sample—how 
to do the job at the lowest cost without 
canvassing everybody (testing every 
piece). In election polling the sampling 
problem might be how to estimate with a 
prescribed accuracy from a relatively 
small sample how many people or how 
many voters in the whole country or per 
haps in the several states would, if can- 
vassed, say in response to a particular 
questionnaire that they voted this way or 
that way or no way in the last election, 
and now express this or that preference, 
intensely or apathetically. Besides the 
steps specifically enumerated here, there 
are a host of others also, such as the se- 
lection, training, and assignments of the 
interviewers (inspectors); the control of 
the field work (the sampling and testing); 
the definitions and classifications to be 
adopted; the coding and tabulations. 


When the aim is merely to collect in 
formation regarding the quality of a lot, 
or about the characteristics of the people 
or the housing units of a city, the prob 
lem ends and the results are published 
or at least transmitted to the people 
who want the results. 
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But here a vital fourth step begins, 
viz., the interpretation of the data—what 
disposition to make of the lot, and what 
changes to make in the process. In elec- 
tion-forecasting, the interpretation in- 
volves a prediction which must be made 
before the election. This prediction 
will be made on the basis of an advance 
inventory of opinions (the lot-quality) and 
with the aid of other relevant know- 
ledge and judgment. The interpretation 
of data is never so objective as the col 
lection of the data. However, the diffi 
culties of interpretation do not provide 
excuses for inferior workmanship in the 
methods of survey (determination of lot- 
quality) 


Inferior workmanship in any one of 
the major steps of taking a survey im 
pairs the reliability and the usefulness 
of the results, and invites failure of a pre 
diction based on them. In which step or 
steps did the recent failures of the polls 
occur? Were the methods of prediction 
unreliable or were the predictions based 
on poor data, and were there other 
troubles? The whole matter has been re 
viewed by a committee appointed by 
the Social Science Research Council and 
it is only necessary to summarize and 
comment on their report. 


What is needed for the prediction of 
an election is the opinions of people who 
are going to vote. How can you tell 
whether a man is going to vote? Given 
$30,000,000 and unlimited manpower 
for an opinion-poll so that | could take 
a complete census of the Continental 
United States, | should still wonder how 
to instruct interviewers in the art of re 
cognizing every eligible voter in a 
household. Because of the difficulty of 
recognizing the universe of voters, no 
sample of adults on Monday, not even 
a complete canvass, could provide the 
basic data representing the intentions of 
the voters as they look forward to the 
election on Tuesday 


Even were this difficulty removed, 
there would still be a gap in the predic- 
tion of an election because voters have 
the privilege of changing their minds. It 
is important to make clear to the public 
that at the present time this gap must be 
filled in large measure by judgment and 
subjective methods 


This assertion, however, is not meant 
to imply that forecasting is not necessary 
or respectable, but that frequently the 
methods that must be used are simply 
not statistical. | may wel! be that the 
most important problems of administra 
tion in both government and industry re- 
quire prediction of what people are go 
ing to do—what they will purchase, 


where and how long they will live, and 
even how they will vote. In fact, | have 
G suspicion that the social and economic 
problems that require prediction of 
what people are going to do are in 
general the really glamorous and attrac 
tive ones—also the dangerous ones. 


| believe that publicity emphasizing 
the difficulties of forecasting an election, 
and making a clear separation between 
forecasting and eliciting information on 
which to forecast, will go a long way 
toward building up public confidence in 
sampling surveys if not in opinion-polling 
as well. 


SAMPLING A HUMAN 
POPULATION 


In the previous paragraphs | have tried 
to emphasize the fact that a good sample 
can not alone solve all the problems of 
forecasting an election. However, a good 
sample would help. In many statistical 
surveys the uses of the data are fairly 
objective, and a reliable sampling pro 
cedure may be essential. This is certainly 
so when the estimation of the quality 
and weight of a lot of material deter 
mines, for example, the price of the lot 
or the duty to be paid on it. Nothing but 
reliable sampling procedures should be 
tolerated in monthly or periodic informa 
tion obtained and published by govern 
ment bureaus regarding employment, 
unemployment, housing, prices, cond: 
tions of crops, business activity, expendi 
ture patterns, and many other statistical 
series on which the intelligent administra 
tion of government and business largely 
depend 


With regard to the sampling of a hu 
man population, a number of points may 
be of interest. As the pollmasters and 
much but not all market research have 
depended on quota sampling, a few 
words should be said to distinguish 
quota sampling from the statistician's 
probability sampling which has been de 
veloped in other fields. First, quota 
sampling is accomplished through exer 
cise of the interviewer's judgment, and it 
is therefore subject to the biases of selex 
tion, availability, and definitions of the 
quotas. The importance of these biases 
can only be conjectured, as to date, no 
real effort has been made to measure 
them or to provide underlying theories 
for explaining them. Another source of 
error in the quota method is its deper 
dence on census and other informatior 


for multiplying the proportions obtained 








in the sample: obsolescence of this in- 
formation is carried into the final results 
A probability sample may be designed 
to walk on its own feet, without the use 
of presumably known totals. 

Second, when probability samples 
are used, the sampling errors are under 
control and are measurable. After the re 
sults of a probability sample are in, and 
the estimates made, the range of samp 
ling variability may be calculated, not 
by comparing the results with known 
census figures or by observing whether 
they look to be about right, but by cal 
culations from the returns themselves. If 
the results, from the point of view of 
sampling, are wide of the mark that 
would be hit by a complete canvass, this 
fact is clearly indicated, and the user is 
warned not to be cocksure of his inter 
pretations. On the other hand, when the 
sampling variability is small, the user 
may have confidence in his basic figures 
A probability sample may also be de 
signed so that various other measures of 
quality are obtained at the same time, 
other than the sampling errors, such as 
the possible range of error arising from 
differences between interviewers, differ 
ent methods of training them, or between 
different versions of the questionnaire 

Third, in a probability sample pre- 


determined rules govern both the se- 
lection of the respondents and the pro 


cedure of computing the estimates for the 
universe. The results are not weighed this 
way or that way, according to judgment. 
Any method of survey into which judg- 
ment enters either in the selection of the 
respondents or the procedures of estima- 
tion will give results whose sampling pre- 
cision can neither be controlled nor 
measured. Any such method is not safe 
where unbiased samples and an index 
of precision are essential. 

Modern statistical research has dis- 
closed some amazing facts about samp- 
ling. Filling quotas is not enough. It is 
possible, for example, by adding a few 
names here and subtracting some there, 
to build up a ‘perfect cross-section’ in 
which various geographic, age, sex, eco- 
nomic, educational, and other classes 
agree very well with those of the whole 
population, but which is nonetheless a 
dismal failure with respect to the ques- 
tions asked in a particular survey that 
someone is paying for (Ref. Gini and 
Galvani, Annali di Statistica, serie vi, 
vol. 4, 1929). A way out is furnished by 
the statistical tools of randomization, 
stratification, methods of estimation, and 
design of experiment, as used in modern 
sample-design 

The cost of two surveys cannot be com- 
pared merely by comparing the price per 
interview or by comparing total costs. 
There is no satisfactory measure of price 


without a simultaneous index of quality. 
A probability sample furnishes the re- 
quired index of quality of the sample. 

However, once again, a probability 
sample will not get around the difficul- 
ties of recognizing voters in advance, 
last-minute changes, or proper design of 
the questionnaire, all of which arise 
when data on opinions are used for 
making a prediction. | would be the 
last one to say that if the pollmasters 
had used probability sampling, their 
troubles would all be over. However es- 
sential probability sampling may be for 
government statistics and for much pri- 
vate research as well, the pollmasters, os 
| tried to indicate at the beginning, would 
still have had plenty of problems left 
over even if they had used probability 
samples 

There is no reason to be discouraged 
about future opportunities for the use of 
sample surveys. Without sample surveys, 
administrators in government and busi- 
ness would have to make decisions with- 
out the aid of periodic information on 
the labor force, volume of employment, 
turnover, prices, sales, cause of death, 
and a host of other population and agri- 
cultural characteristics that are consid- 
ered vital in the administration of govern- 
ment and private business. No one is 
in favor of making decisions in a vacuum. 
Good sample surveys are here to stay. 
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INTRODUCTION 


Before reviewing the principles of 
operation and the methods of applica- 
tion for the comparator method of mea- 
suring, it is necessary to understand the 
reasons for large scale installations of 
these apparently expensive devices. 


Consider the fact that go and no-go 
plugs, snaps, and similar functional 
gages, costing in the neighborhood of 
ten to fifty dollars, are more and more 
often being replaced by comparators 


costing as much as two or three hundred 
dollars. It is obvious that the greater ex- 
penditure must be justified before man- 
agement approves the necessary appro- 
priation for the installation of these 
modern measuring instruments. 

Not too many years ago, and even 
today in some plants, inspection was 
considered a necessary evil—a depart- 
ment whose sole duty was to sort good 
from bad. To have given this type of in- 
spection department an accurate mea- 
suring instrument worth hundreds of dol- 
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lars was inconceivable—especially when 
the machining operation was being gov- 
erned by seemingly inexpensive func 
tional gages with all their inherent var 
iables. This purchase would have meant 
that the percentage of rejections at the 
point of inspection would have been in 
creased greatly. Under the procedure of 
machining and sorting by feel with the 
questionable go and no-go type gage 
one can naturally understand the rea 
sons for the numerous discussions which 
arose daily on the acceptability of the 
material produced. The elements of hu 
man feel, progressive wear, and clean 
liness of the parts being measured were 
all factors which could not be compen 
sated and, therefore, were an important 
consideration of the final outgoing qual 


ty-level 


The introduction of quality control 
methods in recent years has shown defi 
nite savings. Controlling quality of parts 
n process has greatly reduced the per- 
centage of scrap material. Deviations 
from desired quality standards are im 
mediately observed and machine tool 
equipment is promptly corrected. Inspec- 
tion departments are establishing floor 
nspection for spot checking production, 
thereby acting as policemen rather than 
sorters of the completed components 


To control the quality of material in 
the various phases of production, it is 
necessary that any gaging inaccuracies 
be eliminated completely. It is for this 
reason that quality control departments 
have insisted on the installation of mod 
ern measuring instruments that suit the 
individual application. Mechanical, elec 
tric and electronic, pneumatic, and op 
tical comparators form the greater per 
centage of instruments which answer 
every requirement for accuracy, depend 


ability, and lower ultimate cost 


The comparator method of measuring 
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parator has eliminated the human ele 
ment in accurary of gaging. The snap 
could be forced, the plug could be 
wrung, vernier calipers and micrometers 
could be sprung. The desired or con 
trolled measuring pressure that is so es 
sential in 


ten thousanaths 


accurately measuring under 
more or less, is built 
nto comparators ana aoes not cepend 


on operator's skill 


MECHANICAL COMPARATORS 


The mechanical comparator is the most 
ommon type of measuring instrument 
found in use today. Its flexibility and 
range make it a universal tool in every 
machine shop. The gaging head is usu 
ally a sensitive, rugged, high quality dial 
indicator mounted on a sturdy column, 
supported by a base. The head may be 
adjusted over a wide range by direct 
hand location, with final adjustments 
made possible by means of a precision 
screw thread adjustment. The dial indica 
tor magnifies the movement of the 
spindle, usually by means of a gear and 
pinion, and diverts this movement into 
an additional magnified swing of the 
indicating pointer on the scale. The scale 
s generally of the balance type, reading 
both left and right of zero, thereby mea 
suring deviations in size, both plus or 
minus, from basic. A typical Dial Indica 


tor is shown in Figure ] 


The contact point on the spindle may 
be a variety of shapes and can be sup 
plied with chromium, tungsten-carbide, 
sapphire, or diamond tips. In mechanical 
comparators which use dial indicators of 
conventiona! design, the magnification 
is limited to approximately seven hun 
dred times. This is due to the possible 
which are 


errors in tne mec hanism 


e 
greatly increased with extreme amplif 


catior The mechanical omparator 

shown in Figure 2, for instance, is not a 
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and lever transmission, the dial indicator 


becomes an internal comparator 








FIGURE 1—DIAL INDICATOR 





FIGURE 2—MECHANICAL COMPARA 
TOR WITH MICROMETER VERTICAL 
ADJUSTMENT IN DIAL INDICATOR 


FIGURE 3 


INDICATING SNAP 





The mechanical mirror-type instrument 
is similar in every respect to the mechani 
cal dial comparator, except that the gag- 
ing head employs oa tilting mirror, as 
shown in Figure 4 


The gaging head overcomes the limi 
tations of wear. Magnification, without 
sacrifice of accuracy, is made available 
by the use of an optical light-beam which 
is passed through lenses and reflected by 
a mirror onto a scale. The part to be 
measured (1) rests on the table (3) against 
the back stop (4). The size of the work 
piece controls the motion of the spindle 
This spindle raises the lever which pivots 
and lowers arm (10) controlling the posi- 
tion of the tilting mirror (9). The light 
source (8) is focused to a spot on the 
mirror, which reflects the spot on to a 
translucent screen, where it appeors to 
the operator as a disc of light. Across the 
center of the disc is a dark line which 
indicates the actual dimension. The usual 
procedure, however, is to set tolerance 
limit pointers, using plus and minus mas- 
ters, to the full travel of the disc in either 
direction. Work pieces must then con 
form within these limits. The magnifica- 
tion of this gage is one thousand to one, 
and the scale is usually six inches long, 
indicating a spindle motion of six thou- 
sandths of an inch. Since the amount of 
motion is slight and the number of mov 
ing parts is held to a minimum, this type 
of comparator has been used successfully 
over relatively long periods of time 
without inaccuracies due to wear. Since 
the lever arm is a pivoting motion with 
out a preloaded spring tension, the indi 
cating spindle pressure is greatly re 
duced, providing greater sensitivity in 
the measurement of thin walled parts 


THE REED METHOD OF 
MOTION TRANSMISSION 


The reed principle of motion trans 
mission has developed still greater fields 
for mechanical comparators. We have 
seen so far that mechanical comparators 
have been confined to the low magnifi 
cation fields anc as a result, their use in 
measuring to one ten thousandth of an 
inch and smaller has been restricted 
With the introduction of the reed prin- 
ciple, however, magnifications up to 
twenty thousand to one have been 
achieved on standard units when this 
principle is combined with an optical 
system of magnification. (See Figure 5.) 
The reed mechanism as shown in Figure 
6 is a simple, frictionless device for mag 
nifying small motion of the spindle. It 
consists of a fixed block which is rigidly 
fastened to the gage head case, and a 





4. PRINCIPLE OF MRROR TYPE COMPARATOR 
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FIGURE 4—MIRROR TYPE 
COMPARATOR 


floating block which carries the gaging 
spindle and is connected horizontally to 
the fixed block by reeds. A vertical reed 
is attached to each block, with the up- 
per ends fastened together and fixed to 
the pointer. A linear motion of the 
spindle moves the free block vertically, 
causing the vertical reed on the floating 
block to slide past the vertical reed on 
the fixed block. Since the two reeds are 
fastened together, the movement of the 
spindle actually causes the reed to arc 
in @ movement greater than the spindle 
motion. In the optical type, magnification 
is obtained through the use of the light 
beam which projects the shadow of the 
pointer on to the calibrated scale by 
means of a lens and prism circuit. The 
movement of the pointer shadow, pro 
jected on a scale, is proportional to the 
motion of the spindle. The lens system 
can be changed to suit the amplification 
desired in each comparator 
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FIGURE 5—REED MECHANISM WITH 
OPTICAL PROJECTION 





ELECTRIC COMPARATOR 


Comparators employing the true elec- 
tric circuit in the measurement or classi- 
fication of work pieces can be defined in 
two groups; one, the limit type, and two, 
the indicating type. In the limit method 
of electrical measurement, the reed prin- 
ciple of motion transmission which we 
have just discussed, is employed and in- 
corporated with special, sensitive micro- 
switches. The circuit is connected to spec- 
ial light attachments which can be con- 
structed to operate a light if the work is 
within tolerance and operate warning 
lights, if oversize or undersize. The color 
of the light system indicates which con- 
dition exists in the parts being measured 
This type of gage is accurate to within 
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FIGURE 6—SCHEMATIC DIAGRAM OF 
REED PRINCIPLE 


five millionths and has a tolerance range 
up to twelve thousandths. It is set 
through the use of gage blocks and is 
very rapid. The reed mechanism of the 
gage is equipped with a needle which 
swings as the target swings on a visual 
gage. The swinging needle breaks an 
electrical contact at each end of its 
swing. One terminal contact controls a 
red light, the other a green light. These 
terminals have micrometer adjusting 
screws for adjustment to the given tol- 
erance, as shown in Figure 7. The reed- 
electric contact method of gaging can 
be applied directly on machine tool 
equipment by having the circuit operate 
the shutoff on the machine when defec- 
tive material is being produced. In recent 
years, this electric principle has been em- 
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FIGURE 7 


ployed on multiple dimension gages used 
in mass production inspection of shells, 
cartridge cases, etc. It is a simple pro 
cedure to incorporate individual circuits 
to one master light which will flash on if 
all dimensions are within tolerance 
When any one particular dimension ts 
out of the tolerance range, the accept 
able light will flash off and the single 
reject dimension light, indicating the par 


ticular error, will flash on 


ELECTRIC BRIDGE TYPE 
COMPARATOR 
Another type of electrical comparator 
s based upon the effect of current flow 
ing through an unbalanced electric cir 
cuit. This is an indicating method of elec 
tric measurement and shows actual de 
viations from basic size established by 
reference masters. The gaging head is 


sur RECTIFIOR 
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THE REED PRINCIPLE, ELECTRIC COMPARATOR (ELECTRICHECK) 


an electrical unit and is connected to a 
micro-ammeter. As shown in Figure 8 the 
gaging head spindle bears against an 
armature, which is hinged at one end, 
the other being free to move between 
two coils of a balanced circuit known 
as a bridge circuit. When the spindle 
pushes against the armature it moves 
the armature away from one coil and 
closer to the other. This causes an elec 
tric current to flow, the amount of which 
is proportional to the motion of the 
spindle. This current is measured by the 
micro-ammeter which is calibrated in 
neor measurement rather than in micro 
amperes. In some instances, particularly 
on mu tiple gages, the circuit car oper 
ate light signals instead of indicating 
actual measurements. A power unit ts 
necessary. This consists of a voltage regu 


» | | . 
lator to keep the supply voltage constant 
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and a step-down transformer to reduc: 
the voltage from 110 to 11. The current 
which flows when the spindle moves 
passes through a rectifier. This rectifier 
changes the current from Alternating to 
Direct so that it can be measured by the 
micro-ammeter Magnification iS 
achieved because a small movement of 
the spindle and the armature causes a 
definite 


through the meter The ratio between 


a 
amount of current to flow 


the micro-ammeter pointer movement 
and the spindle movement is the magni 
fication factor of the omparator This 
type of comparator, shown in Fiqures 9 
and 10, has been found to be highly 
a urate because of the sensitivity which 
is achieved through the micro-ammeter 
circuit Magnifications of one thousand 
to ten thousand times are optional 

standard equipment of this nature. The 
ndicat ng meter is not necessarily yr 
fined to the spindle assembly. This per 
mits portable use of the gage by the 
design of portable internal measuring 
plugs for large diameters, and portable 
snap-type units for the O.D. measure 
ment of heavy parts. The electrolimit 
gage has been applied on multiple di 
mension gages, as well as for automati: 
control of machine tool equipment. Ad 
justment in setting up the gage may be 
made by adjusting the air gap between 
the coils and the armature. The closer the 
coils are to the armature, the greater 


the magnific ation 


ELECTRIC GAGE SYSTEM WITH 
ELECTRONIC AMPLIFICATION 


The sO called electroni comparator 1s 
actually an electric system employing 
the use of an electronic principle for an 
plification In the gage head itself are 
two fixed coils and one movable coil 
The movable coil is mounted onthe gaat 
spindle ana moves with it Fixed coils are 
energized by a low frequen¢ y osc illator 
and cre so arranged that zero current 
is induced in the movable coil when it ts 
electrically centered between them. As 
the movable coil moves away from thi 
electrical center toward either one of the 
field coils, the current induced if voir 
creases in direct proportion to the als 
tance it has moved away from the el¢ 
trical center In this manner aistance 
values are transtorn ed direc tly into ele 
trical values. Current in the movable co 
network 
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put of the 
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tronically-operated auxiliary equipment 


for sortina or indi ating 


Magnification of the electronic con 
porator may be reset by switching to the 
lowest of the four magnifications and 
sing reference masters whose size dif 
ference is sufficient to produce a fyll 
scale deflection of the indicator Full 
scaie meter reading may be made to 
equal the size difference of the masters 
by adjusting the magnification control 


As in the case of the other electric 
circuits, the electronic plan has been ap 
plied successfully on multiple gaging ap 
plications, automatic sorting, and ma 


chine control 


PNEUMATIC COMPARATORS 


The pneumatic comparator, generally 
called an air gage, employs the air jet 
as a sensing means. This eliminates the 
necessity for the moving spindle which 
is the origin of measurement in most 
comparators. This unique fact permits 
the application of the pneumatic circuit 
on gaging problems where mechanical 
contact and mechanical motion must be 
kept ata minimum. When oa surface ap 
proaches the nozzle, the discharge of 
air trom the nozzle to the atmosphere 


is gradually reduced in a well defined re 


lation to the clearance between the sur 
face and the nozzle face. Visual indica 
tion of the nozzle clearance, and hence 
of the dimensions being measured. may 
be made with the use of a flowmeter in 
one type « f system. or in other sysfems Dy 
means of the mono-meter or Bourdon 
tube pressure gavge Generally. the air 
et is located in a pneumatic plug for in 


ternal measurement or a pneumatic ring 
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FIGURE 9 


for external measurement. The air blows 
directly against the work being meas 
ured, although in some cases it may be 
used indirectly against a flapper or mov 
able contacting point. A pneumatic gage 
system with a pressure actuated indica 
tor is shown in Figure 12 

Compressed air is supplied to a pres 
sure regulator through a filter, which re 
moves the objectionable particles of for 
eign matter from the air stream. The reg 
ulator reduces line pressure to the pres- 
sure required by the instrument. A Bour 
don tube type gauge is used as the di 


From the regulator 


mension indicator 
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FIGURE 10 





ELECTRO LIMIT GAGING HEAD 


the air passes successively through a re 
striction and through the gaging nozzles 
As it passes through the restriction, the 
air undergoes a reduction in pressure, 
the amount of reduction depending on 
the rate of escape from the gaging 
nozzle. When the surface is away frorm 
the nozzle the rate of air escape is high 
There is a large pressure drop through 
the restriction, and the pressure between 
the restriction and the nozzle is low. The 
dimension-indicating gage is actuated 
by this pressure. As the work surface ap- 
proaches the nozzle, the pressure to the 
dimension-indicating gage increases with 
a very definite relation to the reduction 


ELECTROLIMIT EXTERNAL COMPARATOR 
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FIGURE 11 


in nozzle clearance. By controlling the 
size of the restriction and the original 
nozzle clearance built in the pneumatic 
member, it is possible to achieve ampii 
fications as high as ten thousand times 
with standard pneumatic equipment 

There are two general classifications of 
air gages. One is the limit type which 
contains no true calibration, but is set by 
means of two reference masters. Work 
pieces are measured to within the toler 
ance limits so established. The other 
classification is the calibrated type, 
which in most cases is calibrated by 
means of two reference masters while the 
amplification is varied to match the 
graduations on the scale that suit the 
difference in size between the minimum 
and the maximum reference master 

The pneumatic comparator is particu 
larly useful in exploring conditions of 
internal diameters. The pneumatic mem- 
bers used with the comparator are, in 
most cases, designed in such a manner 
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ELECTRONIC COMPARATOR 


that positioning of the work is not a 
factor during the gaging operation. It 
s the general practice to supply pnevu- 
matic members that contain two nozzles 
diametrically opposite. Side motion of 
the work piece on the pneumatic member 
is compensated by either one of the 
nozzles. This fact produces one of the 
advantages of this type of instrument in 
eliminating errors due to positioning of 
work pieces by the operator. The general 
design of pneumatic plugs and rings is 
shown in Figure 13. Also shown is a 
three-nozzle ring for detecting lobe con 


ditions in centerless-ground shafts 


The wear life of the pneumatic mem 
bers has also been an important reason 
for their general acceptance in the pre- 
cision field, since, within limits, the wear 
on the outside diameter of pneumatic 
plug members, or on the inside diameter 
of O.D. measuring pneumatic members, 
does not affect the accuracy. The pneu 
matic comparator, like the electrical 
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FIGURE 13—PNEUMATIC GAGING 
MEMBERS 


comparators already discussed, has been 
applied on multiple gaging operations 
A gage for measuring, simultaneously, 
the |.D., the O.D., and the squareness of 
face to bore is shown in Figure 14. These 
gaging operations, single or multiple, 
can be indicated, or, through use of pres 
suretrol switches, made to operate light 
circuits. The pneumatic circuit has also 
been used in automatic machine controls 
and in automatic inspection equipment. 
One control circuit, for the inspection of 


continuous strip, is shown in Figure 15 


OPTICAL AND PROJECTION 
COMPARATORS 


Projection comparators may be of the 
bench, floor, or pedestal-mounted types 
anu are sometimes known as optical com 
purators, contour comparators, profile 
com, arators, or shadowgraphs. The de 
tails and general appearance are shown 
in Figures 16 and 17. They differ from 
the optical projection systems we have 
previously discussed in the fact that they 
are complete comparators in themselves 
and the magnification is achieved solely 
by optical means. This fact restricts the 
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FIGURE 15 





SCHEMATIC DIAGRAM OF PNEUMATIC CONTROL CIRCUIT 
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FIGURE 16 
amount of amplification to approxi 
mately four to one hundred times. The 


optical system consists essentially of a 
light source, condensing lenses, multiple 
focal lenses, multiple mirror, a glazed 
screen, and the supporting framework 
The fundamental principle is similar to 
a lantern slide projector. The part to be 
checked is usually mounted on the table 
or in a fixture in such a way that a light 
beam can be directed across its surface 
to cast an enlarged shadow of its con 





SCHEMATIC DIAGRAM OF OPTICAL COMPARATORS 


tour on a screen. The screen may be 
charted or calibrated to a basic size or 
shape of the part with additional lines 
to indicate the maximum and minimum 
tolerances. With special fixtures for rigid 
mounting, production parts are being 
measured with this type of comparator 
Threads and contours, including taper or 
radii, can be readily checked on the op 
tical comparator. This method of com 
parison is not adaptable to large work, 
but small parts can be entirely meosured 
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FIGURE 17—AN OPTICAL 
COMPARATOR 


in one operation, in some cases, to tol 
erances as close as one ten thousandth 


SUMMARY 


It is impossible to cover every type 
of modern measuring instruinent offered 
to quality control methods today. The 
principles and applications discussed up 
to this point are those of ihe majority of 
standard instruments available. The de 
velopment and application of these in 
struments, while relatively recent, has 
nevertheless been proved by numerous 
installations which are operating in the 
field 

With careful consideration of the self- 
evident advantages of each type of com 
parator discussed, it is possible for the 
quality control engineer to reach a con 
clusion on which system would be best 
suited for his individual requirements 

When in doubt, a good formula 
always to keep in mind is 

1. The accuracy necessary 

2. The location and conditions under 

which the instrument will operate 

3. The type of personnel who will 

handle the instrument 

4. The type and quantity of work 

to be measured, with particular at 
tention on the weight, type of mo- 
terial, cleanliness, etc 


5. The money available 
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Book Reviews 


QUALITY CONTROL IN INDUSTRY: 
METHODS AND SYSTEMS 


John G. Rutherford. Pitman Pub- 
lishing Corporation, New York, 
1948: 197 pages; $3.50. Review 
by Professor Irwin S. Hoffer, 
School of Business and Public Ad- 
ministration, Temple University. 


While the mechanics of the use of 
tools and the mathematics of statistical 
methods are well covered in available 
literature on quality control, and while 
the subject of general industrial organi 
zation has also been outlined very ably, 
little material has been written that con 
tains both the general principles of qual 
ity control and the statistical techniques 
The author feels that a combination of 
these associated subjects would fill a 
long-felt need of both the student and 
those in industrial work.” This, in the au 
thor's preface, is the purpose for which 
the book has been written 


It is divided into two parts. The first 
part, on General Principles, covers 
the first third of the book, and is divided 
into eight chapters. The remaining two 
thirds of the book, made up of six chap 
ters, constitutes Part Il, on Statistical 
Methods. An appendix that includes 
twelve tables, a glossary of symbols, and 
a list of statistical references concludes 


the work. 


The first part of this book deals with 
two broad topics: the relation of the 
quality control function and department 
to the overall management of the firm 
and the operation and control of the 
quality control department itself. The 
first of these topics is covered in Chap 
ters 1-3 and 7-8. In the first three chapters 
the author considers the functions and 
responsibilities of the quality control de 
partment, its place in the general over 
all organization of company operations 
and the economics of quality contro 
These are important topics and the dis 
cussion of them will be welcomed by 
quality control directors. In Chapter 3 the 
general principle of balancing the cos 
of the quality control function agains 
the savings obtained by improved quality 
s discussed and the difficulties that arise 
n securing this balance are recognized 
Chapter 2 shows how the quality control 
department may be constructed exter 
nally in its relation to general plant or- 


ganization, and internally, within the 
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quality control department itself. Var 
ous plans of organization are well illus 
trated by appropriate organization 
charts. In the first chapter, on functions 
and responsibilities, one of the functions 
of quality control is stated as, ‘The art 
of screening and accepting the least de 
sirable parts that will satisfy given stan 
dards. Although the author explains 
that this may seem like an argument for 
lowered quality, ‘it actually assures that 
a company is not penalized by the rejec 
tion of parts that are functionally accept 
able.” This statement of function, in the 
judgment of the reviewer, is rather awk 
ward and may produce confusion in the 
mind of a beginning student. It empha 
sizes the producer's point of view and 
suggests that the producer's risk is more 
important than the consumer's risk. More 
over, the art of screening applies to all 
the product and not only to the part that 
is accepted 


Also, in the first chapter, the point is 
made that frequently parts that are out 
side of tolerance should be accepted 
Although the exercise of judgment in this 
respect often enters into the function of 
the inspector, this point seems to have 
too much prominence in a discussion of 
the inspector's function. In most cases 
quality that falls outside of ‘specs’ must 
be rejected absolutely. Furthermore, in 
the opinion of this interviewer, the dis 
cussion of the function of the quality 
control department could well have in 
cluded more reference to the significance 
of modern quality control for the general 
improvement of product quality and ac 
ce ptability 


In Chapter 7 the functional relation of 


the quality control department to other 
Gepartments, such as manufac turing, en 
gineering and sales is considered. Chap 
ter 8 considers the relation of the quality 
control aepartment to customer represer 

totives In the intervenina chapters, 4 6, 
the internal control and operation of the 
quality control department is considered 
The training of inspection personnel and 
the making of records and reports are 
ncluded and practical suggestions made 
regarding procedures, forms and train 
ng programs The inclusion of the topics 
of Part | n this text or quality contro 
W bea helpfu introduction to further 
study of these topics by both st ydent and 


ndustrial worker 


The latter two-thirds of this book are 


devoted to a consideration of Statisti- 


cal Methods. These methods, as pre 
sented, include a consideration of gen 
eral principles, sampling inspection, pro 
cess control, analysis and evaluation of 
data, and a final chapter on the practical 


application of statistical methods 


The discussion of general statistical 
principles ts compressed into a mere 
twenty-one pages. The author attempts 
to introduce the student to random sam 
pling, mathematical probability, the bi 
nominal, normal and Poisson distribu 
tions, and the estimation of population 
values from sample measures. !t would 
be unfair to imply that a complete dis 
cussion of these topics is attempted by 
the author but the student of statistical 
methods will need to do extensive read 
ing in statistical literature in order to se 
cure an adequate understanding of these 
topics. A few inaccuracies may be noted 
The fraction 1/6 has been rounded to 
1666 in some places and to .1667 in 
others. A range of ‘17 to 49," page 78, 
is given as 18 to 49" elsewhere on the 
same page. In a general note on page 
77, a minimum of 15 samples is required 
for the estimate of a population value 
obviously small samples are meant, but 
the statement should include the quali 


fication 


In Chapter 10 an introduction to the 
principles and methods of sampling in 
spection is offered. The distinction be 
tween Lot Quality Protection and Aver 
age Outgoing Lot Quality Protection is 
clearly explained. The determination of 
an economical sample size is iltustrated, 
the discussion leading up to the use of 
the Dodge Romig tables. An example of 
the use of these tables in a single sam 
pling plan is given. Double and multiple 
sampling methods are mentioned but are 
not discussed. A slight inaccuracy occurs 
in Figure 47, page 99. The Cost of San 
pling Inspection and Cost of Reinspection 
of Acceptable Lots does not add up at 
all points to Tota! Inspection Cost The 
chapter, nevertheless, provides a a 
introduction to this particular phase of 
the quality control func tior 

The disc jssior of process control, ir 
Chapter 1] seems least satisfactory of 
all the chapters in the text A de finit or 
of process control is followed by the sta 
tist cal theory of process control Con 
siderable space is given to the explana 
tion of the mult plier which is applied te 
average range R) in order to obtain the 


, 
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lot standard deviation. The implications 
of the analysis of variance are hinted at, 
but not explained. A practical applica- 
tion is presented in considerable detail. 
A single control chart for average and 
range is presented in connection with the 
practical example. It would seem that a 
more effective presentation would have 
started with the control chart based on 
the practical example. The statistical and 
logical theory underlying the chart, the 
preliminary analysis required, and subse- 
quent procedures could then be pre- 
sented. To this reviewer, at least, this 
would seem to be more effective peda- 
gogically. A further criticism of this chap 
ter may be made of the fact that no ref- 
erence is made to the chart for percent 
defective or that for the number of de 
fects. In Figure 50, page 108, the letters 
A, B, C, D in the diagram are either dis- 
arranged or omitted 


Specialized Applications’ are pre- 
sented in Chapters 12 and 13. The con- 
struction of frequency series is discussed 
Some attention is rightly given to the 
proper choice of cell limits. On page 141, 
line 9, the appropriate cell limits, how 
ever, are 237.5 to 252.5, 252.5 to 267 5. 
since the readings are taken to the near 
est 10 Ibs. It is unfortunate, from the 
student's standpoint, that an example 
was used in which the readings ore taken 
in intervals greater than unity. Differ- 
ences between means and standard de- 
viations, for small and large samples, are 
discussed in Chapter 13. The several 
methods suggested in these two chap 
ters should be used, as suggested by the 
author, in the analysis and evaluation of 
data provided by inspection and process 
control procedures. A final chapter sum- 
marizes in practical fashion the applica 
tion of statistical methods in quality con 
trol procedures 


One final criticism may be offered in 
that the entire discussion in this book is 
based on the mechanical industry and 
the production and sampling of piece 
parts. Because of the increasingly wide 
spread application of statistical quality 
control to other forms of manufacturing 
more attention in the general methodolo 
gical literature should be given to the 
production of chemicals, the bulk indus 
tries such as milling, and the continuous 
product industries like the paper industry 
and the production of many textile pro 
ducts 


Two commendable features of this text 
should be noted. Each chapter closes 
with a concise summary, which will prove 
helpful to all students. Besides, the dis- 
cussions are well supported by seventy 
diagrams, charts and figures which 
greatly enhance the presentation. 
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On the whole, this book should prove 
helpful to ‘both the students and those 
in industrial work. 





Review by F. E. Satterthwaite, 
General Electric Company, 
Bridgeport, Connecticut 


The purpose of this book is to com- 
bine under one cover the organization 
and the operation of an Inspection De- 
partment together with an outline of sta- 
tistical techniques that are useful in ac- 
complishing the inspection job. Thus, Part 
] contains generalized information out- 
lining healthy organizational practices 
and methods and Part 2 explains and il- 
lustrates statistical procedures that may 
be economically applied by a well-func- 
tioning quality department. 


Part | is a very good outline of the 
work which an Inspection Department 
must do. It particularly gives advice on 
questions which must be decided by 
management in order that an Inspection 
Department can operate efficiently and 
effectively. The first chapter covers func- 
tions and responsibilities. The distinction 
is made between the old line inspection 
function of screening out unsatisfactory 
parts and the fairly recent addition of 
process control 


Chapter 2 goes into detail on the 
organization of a Quality Control De- 
partment. The various possible organiza- 
tion patterns are outlined and their ad- 
vantages and disadvantages clearly 
stated 


Chapter 3 discusses the economics of 
Quality Control. Too many of the con- 
trol organizations have not faced this 
problem realistically and it is refreshing 
to see an emphasis on this important 
point. This is continued in Chapter 4 with 
a discussion of the control of quality 
department costs. This discussion in- 
cludes an outline of methods of opera- 
tion, manpower requirements and train- 
ing, and budgetary control. 


Chapter 5 covers the reports and re- 
cords which have found a place in qual- 
ity and inspection operation. 


Chapter 6 discusses personnel train- 
ing including training school and in-ser- 
vice training methods. The economic 
value of training courses is covered with 
a good discussion. Finally, Part | closes 
with Chapter 7 on relations with other 
departments and Chapter 8 on customer 
representatives. 


Part 1 will be a great help to the ty- 
pical Quality Control Engineer who is 
usually brought on to the job with little 
or no practical experience in the inspec- 





tion field. The Quality Control Engineer 
will find here a complete check list of the 
problems he will have to consider and 
suggestions as to how he should meet 
them. One of the major limiting factors 
in extending applications of Quality 
Control is the unbalanced know-how 
among Quality Control Engineers, skilled 
in use of techniques but unskilled in 
methods of getting them accepted. 
Needless to say, experienced inspectors 
will also enjoy reading Part 1 for the 
new viewpoint which it gives them. 


Part 2 deals with statistical methods. 
This part is written at a more or less ele- 
mentary level ard can be followed easily 
by anyone with the equivalent of 
engineering training. The strong point of 
the presentation is the continual empha- 
sis on looking at the problem as a whole 
and considering all factors that may af- 
fect the solution. Statistical methods are 
a tool to fill in the gap where other 
methods and available information are 
insufficient to get the answers. They do 
not replace common sense, good judg- 
ment and accumulated experience; they 
supplement and add to these qualities. 
Chapter 9 covers the principles of statis- 
tical methods with discussions of dice 
problems, the binominal distribution, the 
normal curve of error, and the Poisson 
distribution. Emphasis is placed on the 
use of the standard deviation to deter- 
mine the variability of the statistics used. 


Chapter 10 on sampling inspection is 
a clear description of lot quality protec- 
tion plans (lot tolerance plan of Dodge 
and Romig). The example used in apply- 
ing sampling inspection to aircraft steel 
bolts is very instructive. The intense study 
made of all factors which could affect 
the results practically assured that a 
good inspection plan would result. Statis- 
tics is shown as only one of the factors 
and is put in its proper place. The inex- 
perienced reader may be a little curious 
as to why we can use a one percent sam- 
pling table and have a rough assurance 
of a lot quality of 0.1 percent defective 
after sampling inspection. We all know 
from experience that this is so, but it may 
be a little dangerous to put that kind 
of statement in a text book without back- 
ing it up with some kind of reasoning. 


Chapter 11 on process control is also 
written with the viewpoint of a practical 
man. It might be mentioned that excel- 
lent diagrams are scattered throughout 
the technical presentation to make the 
point vivid and clear. The development 
of average and range charts is worked 
out in detail. Their use is emphasized 
through the complete discussion of the 
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Quality Control of spot welding. This 
example is very interesting in itself be- 
cause of the wide use of welding pro- 
cesses anc the difficulty of controlling 
them. 


Part 2 closes with various specialized 
applications such as the treatment of 
raw data and frequency distribution an- 
alysis. Further discussion is given on small 


samples including the ‘t’ test and the 
F’’ test. The last chapter summarizes the 
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MIDWEST SECTIONS MAKE 
SUSTAINING CONTRIBUTION 


The Society acknowledges with much 
appreciation a gift of $500 from the nine 
Midwest Sections as a Sustaining Contri- 
bution to the American Society. This con- 
tribution is made from the proceeds of 
the Third Midwest Quality Control Con- 
ference, as were similar contributions 
following the first two Midwest Con- 
ferences. 


This third contribution brings the total 
of such gifts from the Midwest Sections 
to $2000 and further strengthens the fi- 
nancial structure of the Society. The Presi- 
dent has conveyed to each Midwest Sec- 
tion and to Mr. James M. Ballowe, Gen- 
eral Chairman of the Third Midwest Con- 
ference, the Society's appreciation for 
this support. 


EXECUTIVE COMMITTEE MEETS 


A very successful meeting of the Execu 
tive Committee was held on February 16 
at Rochester, N. Y. All but two of the 
twelve members of the Executive Com 
mittee were present or were represented 
by alternates 


The Executive Secretary reported that 
the membership of the Society on Feb 
ruary 9, 1949, was 2308, of whom 67 
were Fellows, 1001 were Senior Mem- 
bers, and 1240 were Members. This pre- 
sent membership of 2308 is a consider- 
able expansion from the membership of 
2101 at June 30, 1948 


The Treasurer reported that receipts 
between July 1, 1948 and February 1, 
1949 had been $15,423.28. During the 
same period, expenditures had been 
$11, 685.18. The balance on hand in the 
Society operating account was $10,765 
34 on February 1, 1949 


Mr. R. S. Saddoris, Chairman of the 
Advertising Committee presented the 
Executive Committee with detailed sug 
gestions and recommendations for carry 
ing out a more effective advertising pro 
gram in INDUSTRIAL QUALITY CON 
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TROL. This report brought out clearly the 
problems faced in securing and main 
taining advertising contracts and gave 
suggested goals to which the Society 
should work in strengthening its position 
from an advertising point-of-view 


The Executive Committee received re 
ports from the Shewhart Medal Com 
mittee and the Brumbaugh Award Com 
mittee regarding progress in the work of 
these Committees 


Very encouraging information was re- 
ceived concerning the plans and program 
for the Boston Convention on May 5 and 
6, 1949. 


The Executive Committee considered 
the matter of annual conventions in 1950 
and subsequent years. A number of invi 
tations had been received from many 
cities for these meetings. It was finally 
decided to hold the 1950 Convention in 
Milwaukee, the 1951 Convention in 
Cleveland, and the 1952 Convention in 
Syracuse 


The President reported the Sustaining 
Contribution from the Midwest Sections 
which has been noted above 


Plans were made for preparation of 
the Society Yearbook for 1948-49. It was 
decided to issue the Yearbook with a 
complete list of members and their Sec 
tion affiliations but without complete ad 
dresses. The Yearbook is expected to be 
available prior to the Annual Convention 
in May 


Numerous other matters were given 
detailed consideration during the meet 
ing, and action taken in connection with 
a number of them is recorded elsewhere 
in this issue of the magazine 


WORK OF THE SHEWHART 
MEDAL COMMITTEE 


The Shewhart Medal Committee has 
presented the Society with a comprehen 
sive report of its activities during the past 
year. This record of committee work is 


outstanding and has been acclaimed by 





practical application of _ statistical 
methods and outlines some of the pit- 
falls in their use and installation and 
some of the places where they are most 
likely to be accepted. 


Y NEWS 


the Executive Committee of the Society 


Members of the Shewhart Medal Com 
mittee are: Philip L. Alger of Schenec 
tady, N. Y. (Chairman); Mr. Charles A 
Bicking of Wilmington, Del.; Mr. Ernest 
L. Fay of Moline, Ill; Mr. G. Rupert 
Gause of New York, N. Y.; Mr. lrwin S 
Hoffer of Philadelphia, Pa.; and Mr. An 
drew |. Peterson of Monroe, N. Y 


The Shewhart Medal Committee raised 
a fund totaling $1,801.50 which has been 
turned over to the Treasurer of the So 
ciety to create the Shewhart Medal Fund 


The Committee engaged the artist, 
Robert Weinman, to execute the medal, 
and the Medallic Art Company to make 
the dies and prepare the medals with 


suitable engraving each year 


Of the present Shewhart Medal Fund, 
approximately $1,600 is obligated to the 
Medallic Art Company for its work on 
the medal, thus leaving roughly $200 for 
the medals of future years 


The Committee reported its selection 
of the Shewhart Medalist for 1948 


SHEWART MEDALIST FOR 
1948 CHOSEN 


The Shewhart Medal Committee has 
announced its selection of Colonel Leslie 
E. Simon of Aberdeen Proving Ground 
Maryland, as Shewhart Medalist of the 
Society for 1948. Colonel Simon thus be 
comes the first medalist of the Society 
and the first member to receive the 


Shewhart Meda! 


Colonel Simon is a Fellow of the So 
ciety; he is Director of the Ballistics Re 
search Laboratory at Aberdeen Proving 


Ground 


The Medal will be presented to Co 
onel Simon at the Annual Conventior 


Dinner in Boston on May 5, 1949 
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RECOMMENDED FUTURE 
PROCEDURE OF THE SHEWHART 
MEDAL COMMITTEE 


The Shewhart Medal Committee has 
made the following suggestions regard 
ing the future work of this Society Com 
mittee, and these suggestions have been 
approved by the Executive Committee 


1. The committee will consist of 9 mem 
bers, with 3 appointed each year for o 
three year term. The chairman will hold 
office for only one year, the new chair- 
man being selected by the President 
from one of the 6 hold-over committee 


members 


2. The committee will have full power 
to select the medalist, prepare the cita 
tion, and arrange the presentation cere 
monies. However, the decisions of the 
committee will be subject to review by 
the Executive Committee of the Society 

3. Not later than 6 months prior to the 
date of the annual convention of the So 
ciety, the Chairman of the Shewhart 
Medal Committee will write a letter to 
each National Director of the Society, 
inviting them—in consultation with Sec 
tion officers—to submit suggestions for 
the medalist to the committee. In making 


Director 


should consider all eligible persons, and 


suggestions each National 
not merely those who are me mbers of 


} is OWN section 


Also, at the same time, the chairman 
of the medal committee will invite each 
committee member to make forma! nomi 


nations for the medalist 


Any member of the Society who de 
sires to suagest a nominee may make his 
proposal to a member of the committee 


or to a National Director 


4. Any person who, in the opinion of 
the committee, is noted for outstanding 
leadership in the field of modern quality 
control will be eligible for the award 
This accords with the inscription on the 
medal itself. Persons who are not mem 
bers of the Society, both at home and 
abroad, are eligible but preference will 


be given to Society members 


5. The committee will set a closing date 
for nominations, to be not less than 3 
months before the annual convention, 
and will meet to make its final selection 
immediately after this date. The commit 
tee will prepare a suitable citation, des- 
cribing the accomplishments for which 


the award is made 
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6. As soon as the concurrence of the 
Executive Committee has been obtained, 
the chairman of the medal committee 
will notify the medalist of his selection. 
As soon as the medalists acceptance is 
received, announcement of the award 
will be made to the press and in the 
journal of the Society. 


7. The presentation of the medal will 
be made at a general meeting of the 
Society during the annual convention 
each year 


BOARD AND COMMITTEE 
MEETINGS DURING BOSTON 
CONVENTION 


Many Board and Committee members, 
who would not find it possible to under- 
take travel for the sole purpose of at 
tending Board or Committee meetings, 
will be present for the Convention in 
Boston. It will therefore be highly de 
sirable for the Board and Committee 
chairmen to take every possible advan- 
tage of this circumstance and to plan 
such meetings in Boston at that time 


In addition, the National Officers plan 
to meet during the Convention with all 
Section Officers present to discuss mat 
ters regarding Society administration 
This meeting will be a continuation of the 
meetings held in Chicago last November 


A schedule of meeting times is being 
prepared and each committee will be 
assigned time and rooms for its meetings 
at the Convention. Board and Committee 
chairmen will provide the members of 
their several groups with information 
concerning the meetings as soon as it 


becomes available 


NEW COMMITTEE CHAIRMAN 


Mr. Clifford W. Kennedy of Federal 
Products Corporation, Providence, R. |., 
has accepted appointment as Chairman 
of the Committee on Publicity and Public 
Relations. This appointment received 
unanimous approval of the Executive 
Committee at its meeting in Rochester 


Mr. Kennedy has wide contacts with 


quality control men throughout the 
United States and Canada and is pre 
paring plans for developing the Society s 
program of public relations work in 


industry 





SOUTH TEXAS SECTION 
RECOGNIZED 


At its meeting in Rochester on February 
16, the Executive Com \ittee unanimous- 
ly approved the application of the South 
Texas quality control group for recogni- 
tion as the South Texas Section, ASQC. 
Thirteen memberships have been re- 
ceived by the Executive Secretary for the 
new Section. Officers elected by the Sec- 
tion are: 


Chairman .A. R. Burgess 
Vice Chairman... ....C. H. Bone 
Secretary-Treasurer B. L. Cloud 


Headquarters of the South Texas Sec- 
tion will be in Houston; it will be part of 
the Midwest Region of the Society, of 
which Mr. Arthur Bender, Jr. is Regional 
Director. 


The Society welcomes the organization 
of this Section in the industrial area of 
Texas 


NOMINATING COMMITTEE 
REPORT 


The Nominating Committee of the So 
ciety has reported its nominations for 
national officers in the Society year 1949 
1950 are as follows 


President 

Ralph E. Wareham 
Vice-President 

Wade R. Weaver 
Executive Secretary 

Simon Collier 
Treasurer 

Alfred L. Davis 


Members of the Nominating Commit 
tee are: Elwood E. Folsom (Chairman), 
George D. Edwards, Ralph A. Hefner, 
Wyatt H. Lewis, Pau! S. Olmstead, Ernest 
H. Robinson, and Herbert G. Winter 


BY-LAW FOR MEMBERS- 
IN-TRAINING 


The Executive Committee has ap 
proved a By-law covering Members-I|n- 
Training and Student Branches. The by- 
law was drafted by Mr. George D. Ed- 
wards from the recommendations of the 
Committee on Constitution and By-laws 


This by-law outlines the basis for en 
rollment as a Member-|In-Training and 
attendant privileges; it specifies the man 
ner in which Student Branches may be 
organized 


The by-law will now be submitted to 
the Board of Directors for approval. 
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SUMMER SESSION IN 
STATISTICS 


The Institute of Statistics of the Univer- 


sity of North Carolina announces a sto- 
tistics summer session, June 9 to July 19, 
1949, at Chapel Hill, N. C. Advanced 
courses will be offered in probability, 
sequential analysis, and the design of 
experiments 


An announcement of this summer ses- 
sion may be secured by writing to Direc- 
tor, Institute of Statistics, University of 
North Carolina, Box 168, Chapel Hill, 
N.C 





NOTICE 
The Post Office Department 
does not forward IQC to a for 
warding address. The magazine is 
delivered to the address on file 
with the Executive Secretary. If 
you make a change of ad- 
dress and expect to get your 
copy of IQC, see that prompt 
notice of the new address is 
sent to 
Simon Collier 
Executive Secretary, ASQC 
22 East 40th Street 
New York 16, N. Y 








CLASSIFIED 
ADVERTISEMENTS 





CONSULTING SERVICES 


Responsibility of the American Society for 
Quality Control, Inc., for Consulting Services 
advertising is limited to certification that ad- 
vertisers hold the grade of membership in the 
Society stated in their advertisements. Qual- 
ification requirements for the several grades 
of membership are set forth in the Constitu- 


tion of the Society 


Management Controls 


POUNDED IN 1945 





“References and Literature on Request” 


Senior Partner: 699 Rose Ave. 
W. E. JONES 
Fellou {SOC 


Des Prarnes, ILL. 


Des Plaines 1493 





RALPH E. WAREHAM 


Fellou {soc 
CONSULTANT ON QUALITY CONTROL 


TELEPHONE 


Murray Hirt 6-9044 


305 East 43ap S1 


New York 17, N. Y. 





POSITION AVAILABLE 


QUALITY CONTROL ENGINEER FOR 
KEY POST. Important place near top o; 
organization, supervising laboratory and 
direct process control. Knowledge of 
polymerization desirable. State avail 
ability and salary requirements in first 
letter One of America S major compan 
ies in northern central states location 
Reply to 5K1, American Society for 
Quality Control, 22 East 40th Street, New 
York 16, N. Y 





POSITIONS WANTED 


June Graduates in Mechanical En 
gineering desire positions. Group major 
ing in Industrial Engineering including 
statistical aspects of Quality Control 
Write: Professor A. Schultz, Jr., 
of Mechanical Engineering, Cornell Uni 


School 


versity, Ithaca, New York 











Put your Product or Services Before an ALERT Market 


ADVERTISE 


through 


Industrial Quality Control 


THE MAGAZINE THAT IS READ BY THE MEN WHO CAN 


USE YOUR PRODUCT! 


For Rates and Space Address Your Inquiry To 


Raymond S. Saddoris, A. O. Smith Corporation 


Milwaukee |, Wis 
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t 
DIAL INDICATORS — Fast, positive visibilicy. 


Every size, graduation, range and type — accu- 
rate, dependable, adaptable 


e — 


' 


SPECIAL GAGES — One of over 10,000 spe- 
cially designed gages. We build single and 
multiple purpose gages to meet your require- 
ments 


CONTINUOUS MEASURING—Four basic types 
— adaptable to ali kinds of materials and 
condiuons 














DIAL INDICATOR GAGES — Model 1340 Snap 
Gage — one of 65 catalog gages. Greatest vari- 
ety by any gage manufacturer 





ELECTRONIC-AUTOMATIC SORTING — The 
ultimate in 100% gaging — fast, stable, accu- 
rate. Engineered to your product. 





AIR GAGES — Ultra accurate, positively fool 
proof, maintenan t in singke. muluple, 
and special designs 


Are YOU the one 


who doesn’t know 


FEDERAL makes 
every type of 


Indicating Gage ? 


Wide, continuous experience 
gave us the know-how to design 
gages that produce better qual- 
ity at lower cost. 


OU may know that Federal 

makes more Dial Indicators 
and Dial Gages than any other 
manufacturer. But, note this too— 
the entire Federal Plant is devoted 
exclusively to the design and pro- 
duction of every type of Indicating 
Precision Instrument by the latest 
scientific methods. 

We engineer and make Auto- 
matic Sorting Gages, Signal and 
Automatic Control Gages, Con- 
tinuous Measuring Gages in great 
variety to control dimensional ac- 
curacy as wanted. 

We have made gaging devices 
for controlling the dimensions of 
every sort of article from wire 
staples to railroad splice bars, from 
sausage skins to jet engines; gages 
that do jobs people said couldn't 
be done. 

Take advantage of the practical 
savings secured from these gages. 
The proper gage, properly applied, 
costs nothing. It collects money on 
saved scrap and eliminated opera- 
tions. 

For data on any of these gages 
write to Gaging Headquarters — 
Federal Products Corporation 
1144 Eddy St., Providence 1, R. I. 
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INDICATORS ®* 


DIAL 
ELECTRONIC AND AUTOMATIC 


PRECISION MEASURING 


INDICATING GAGES @* 


SORTING GAGES 


INSTRUMENTS 


SPECIAL GAGES * 


AIR GAGES 








